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PBEFAOE. 



riEAT, Electiicity, Chemistry, are things of ever- 
growing interest, and therefore the choice of these 
as auhjects of speculation and study, needs little 
apology. But it must be confessed that our handling 
of these fascinating themes may not he so fortunate, 
and may provoke speedy scientific anathema ; all the 
more that, in this perhaps presumptuous effort, Heat 
13 viewed in entirely novel aspects. Heat is con- 
sidered no longer exclusively a thing of thermometers 
and pyrometers, but as a great power in chemistry. 

Heat is held the fundamental cause of most of 
the beautiful, complex, and enigmatical phenomena 
of chemistry. 

Heat is considered to. be as closely kin to Elec- 
tricity as is inlancy to manhood, and thus to be all- 
worthy of scientific apotheosis. 

To one viewing Heat in such novel aspects, it is 
clear that new ideas must have occurred, and, conse- 
quently, new words, to express these ideas, became 
u^dispensable ; and I am indebted to Professor P. G. 



VI PREFACE, 

Tait of Edinburgli, for his valuable suggestion of the 
word "thermic," to express certain conditions of 
heat supposed by me to exist in chemicals. In 
addition to "thermic/' I have been forced to use, 
throughout this essay, several other new terms. I 
am aware that these new words may sound imcouth, 
but their absolute necessity, for the intelligible ex- 
planation of my views, will, I hope, excuse their 
employment, and in a measure disarm stringent 
criticism. I may farther state, as an apology for 
having published at all these ideas about heat, that 
no other better way of testing whether these ideas 
were true or false could be found. 
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CHAPTER I. 

iwdered antimony be thrown into clilorine gas, 
chemical action between these two substances is 
itrong that the antimony at once takes fire and 
brightly into the terchloride of antimony. 
ifj according to Sehrotter (Owmie, voL i. p. 129), 
antimony and the chlorine be both cooled down 
minus 106° by a bath of solid carbonic acid and 
ler, then the chlorine and antimony, thus cooled, 
lefuse to combine chemically, and remain in intimate 
contact as passively aa if they were sand and conunon 
air. Again, if antimony be exposed to dry or moist 
air for any length of time, antimony remains un- 
affected chemically by the air, but if the self-same 
antimony be heated in the self-same air, the heated 
antimony at once combines with the air, takes fire, 
oxidises, bums into the teroxide of antimony. 

These simplest of chemical experiments are not 
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the less suggestive, and prove the great fact that a^ 
exerts the following most remarkable influences on 
chemical action : — 

Heat, that is change of temperature, may nullify 
or prevent chemical action, though that action be of 
the moat violent natui'e. 

Heat, or change of temperature, may intensify 
chemical action, though of the weakest Mnd. 

That is, simple changes of temperature alone ; 
certain determinate states of heat may destroy or 
may create, pro tempore, chemical action. Now this 
is surely very suggestive, for if the above simple and 
artificial states of heat in bodies prove so potent in 
chemistry, it at once occurs to the mind to ask, "What 
effect shall tlie much more perfect natural states of 
heat, that is heat properties of chemicals, have on 
their chemical behaviours ? and in order to answer 
that question we proceed to study what I shall 
venture to call " Thenuocheniics," that is the con- 
sideration of heat as a Specialty in chemistry. 

The moat prominent heat states or heat properties 
of chemicals are their conditional heat, their specific' 
heat, their weight heat, and their conduction of* 
heat. 

If we examine the condition of chemicals, say, for 
convenience and perspicuity, those of the metala and 
the metalloid oxygen, we find those conditions very 
varied and very different one from another. One 
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, hydrogen, exists as an imliquefied gas, that is 
a gas far from liquidity, far from a form change. 

Another metal, mercury, is a liquid. 

Another metal, potassium, is a solid, but a solid 
that is near liquidity — that is, that is easily fused, 
that is near to a form change. 

Another metal, zinc, is a solid, bnt a solid not so 
near liquidity, not so fusible, not so near a form 
change as is potassium. 

Lastly, another metal, platinum, is a solid, and a 
solid very far from liquidity, very diiHcult of fusion, 
very far fram a form change. 

Now it seems to me impossible to doubt that heat 
must have a direct and necessary influence in causing 
these wide differences in the physical condition or 
forms of the above-mentioned metals. For let us take 
the two metals hydrogen and platinum, and contrast 
them thermally. 

Hydrogen is an unliquefied gas. 

tlatintim is a weH-nigh infusible solid. 

ITow it seems to me utterly impossible to con- 

B or suppose that gaseous hydrogen and infusible 
platinum can have equal heatfulness, can have the 
self-same amount of heat in their ultimate molecules, 
for hydrogen is, as it were, many times more thermic 
or heatfal than the hottest of steams, and platinum 
my times more athermic or heatless than the coldest 
Hydrogen being an exceedingly rarefied gas, 
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6 WEIGHT HEAT. 

zinc, potaasiimi, and platinum, tliere will exist much 
more concentrated heat, latent in potassium and zinc 
than in platinum. 

We will therefore assume it as an axiom that 
the less the atomic weight a metal has, the greater 
its heat capacities ; the more thermic or heatful atomi- 
cally, as I shall term it. the metal generally is. 

So that of all the fore-mentioned metals hydn^en 
is atomically most thermic, because hydrogen's atomic 
weight is 1, the smallest atomic weight among 
chemicals. Next to hydrogen in the said metals comes 
potassium, for potassium's capacity for heat is as 39; 
after potassium comes zinc, whose capacity for heat 
is as 65 ; then platinum, which is as 197 ; then last 
of all is mercury, which is as 200, and wliich is 
thus the coldest atomed metal in our short list. 

So that the capacity for heat of simple bodies, or, 
what is nearly the same thing, their atomic weights, 
afford also a most valuable indication of the atomical 
heat states of simple metals. 

But the third great heat property of metals il 
what I shall term their weight heat, their mass heft, 
their grain heat ; for just as heat influences a metal's 
expansion, so heat influences a metal's specific gra- 
vity ; and just as a metal's expansion has been taken 
and used as a heat indicator, I propose that a metal's 
specific gravity he used as a special heat index, as a 
chemical thermometer ; and as the effect of heat is to 
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bake metals lighter, I wiU assume it as axiomatic 
that the hghter a metal is the hotter grained it ia. 

Thus, of the already-mentioned metals, hydrogen 
ia the hottest grained, inasmuch as hydrogen is the 
lightest of them. Next to hydrogen comes potassium, 
for potassium is certainly heavier than hydrogen, and 
lighter than all the others of the said metals. After 
potassium comes zinc, then mercury, and last platinum. 

Our fourth great heat property of mctala is their 
conduction of heat, and this must be held also of 
extreme importance, for it is clear that, whatever be 
the influence and effects of beat in chemical action, 
conduction of heat in a chemical must facilitate 
those heat actions, aa non-conduction of heat must . 
impede them. 

So that there are, at least, three ways in which a 
metal can be chemically thermic or athermic, heat- 
ful or heatless — by condiiion, by ^eafic heat, and by 
weigM. Some metals, as hydrogen and potassium, 
are heatful by all these three tests ; and these metals 
are therefore types, or our beau ideals, of chemically 
thermic metals, — are very thermic, calorous, heatful 
indeed, very positive or plus as to heat, for they 
are hot conditioned, hot grained, and hot atomed. 
Some metals, on the contrary, such as plati- 
num, are athermic by aU these three tests, and are 
therefore our beau ideals of chemically athermic or 
^batless, or non-calorou3 metals, and are very ather- 



8 EFFECTS OF CHEMICAL HEAT. 

mic indeed, very negative or minus as to heat, for 
they are cold conditioned, cold grained, and cold 
atomed. Mercury is, however, very thermic condi- 
tionallyj but so athermic atomed and grained that 
mercury ranks more as an athermic or heat negative 
metal than as a thermic one, for mercury ia very 
heavy and has very low specific heat. The heat pro- 
perties of mercuiy counterbalance each other, not an. 
imugual occurrence in chemistry. 

In the simple experiments with which we began 
this paper, the changes of temperature to wMch anti- 
mony and chlorine were subjected by Schrotter were 
wholly artiijcial But if we apply our axioms and rules 
Just enumerated, we find that nature has made for ub 
analogous experiments, for nature has cooled down 
platinum in a bath many times colder than that of the 
sohd carbonic acid and ether, and heated up hydrogen 
in furnaces far hotter than any made with hands, and 
with quite analogous chemical results to those pro- 
duced by the cooling or heating of puny art. For 
chemically thermic potassium and thermic hydrogen 
have most violent chemical activity, and the very 
chemically athermic plathium is one of the most 
inactive of chemicals ; while irregularly thermic and 
athermic mercury presents chemical actions corre- 
sponding to such unsymmetric heat properties. 

We have thus found or assumed that there 
exists in hydrogen, mercury, potassium, zinc, and 



CHEMICAL HEAT. 

platinuni, and conaequeutly in the rest of the metala, 
a conditional, atomic, and grain lieat, which in a 
■way can be tested or discovered by the states of 
gaseity, fluidity, sohdity, fusibility, weight, and atomic 
weights of these metals. Thus hydrogen, I repeat, 
must be held chemically the most thermic in every 
respect, the most heat positive, of the said metals, 
becauBe hydrogen is an unliqnefied gaa, is light, and 
light atomic weighted. 

Platinum is to be considered the most athermic 
cliemically in eveiy respect, the most heat negative 
of the said metals, because platinum is well-nigh 
infusible, is heavy, and is heavy atomic weighted. 

Potassium and zinc are to be held thermic or 
heatful compared with platinum, and athermic or 
heatless when contrasted mth hydrogen ; for potas- 
sium and ziac are more fusible and lighter, and 
lighter atomic weighted than platinum, but less 
fusible, less light, less lightly atomic weighted than 
is hydrogen. 

So that henceforth it will be taken as conceded 
in this disquisition that there exists in all metala a 
special, inherent, conditional, atomic and grain heat, 
the warrant for which heat we have not in the ther- 
mometers and pyrometers, etc., or our touch, but in 
the metal's physical condition, weight, ajid atomic 
weight, 
^^^^e most conditionally thermic of the chemical 
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elements are the unliciiiefied gases, as hydrogen, 
to them are the liquefiable gases, as chlorine. Then 
the liquids, such as bromine. Then the solids in theii 
order of fusibility — first, the very fusible, as pboa- 
phorus. Then the with difficulty fusible, as platinmn. 
And, lastly, the utterly infusible solids, as charcoal, 
whicb is thus conditionally the most athannic or the 
most heat negative of the chemical elements. 

The hottest gi'aiued chemical elements are the 
lightest, Buch as the metalloids in general, and the 
grain heat diminishes with the increase of weight 
in the element. And the same rule holds for the 
atomic weights and the atomic heat. 

These three heat properties are alike valuable and 
applicable as long as we have to do with the simple 
elementary bodies, but when we pass uato the con- 
sideration of compound chemicals we shall find it 
convenient to use only conditional heat. 



HEAT DISCHARGES. 



CHAPTER II. 



Hating thus aasumed as established the existence 
of conditional heat in chemistry, we go on to trace 
the heat's behaviour diuing chemical combinations, 

"What becomes of the conditional heat of two 
substances when they combine chemically? It ia 
comparatively easy to answer this question if our 
axioms he granted, recollected, and apphed. 

Let us take the metals already mentioned, and 
study what becomes of their conditional heat when 
they combine chemically with oxygen. 

"When the very thermic or heatful metal hydrogen 
combines with oxygen to form water, the hydrogen 
bums, loses, repels, or discharges this conditional heat. 
But how do we know that, under such circumstances, 
hydrogen loses or discharges heat? It may be 
thought that the great heat that we may observe 
during the hydrogen and oxygen combination ia 
ample proof of heat discharge from the hydrogen ; but 
it ia by no means so, for our senses are ia these 
matters very faUaeious, and only tell us that there 
are heat discharges going on, but seldom their true 
direction ; and we only know for certain that hydro- 
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.t or fire, concurrent chemical action, 
9imlight, electricity, nay mechanical action, etc. 

Again, when solid sulphur eomhines with gaseous, 
nnliquefied oxygen, sulphuroxis acid results, a gas 
liquefying under two atmospheres' pressura We 
have thus solid sulphur passing from the athermic 
form of sohdity into the thermic fonn of gaseity — 
sulphur thus most clearly gaining heat, while we 
have, on the contrary, oxygen passing from the more 
thermic unhquefied form into the lees thermic lique- 
fiable form, oxygen, therefore clearly losing heat of 
condition. So that when solid sulphur combines 
with unliquefied oxygen to produce sulphurous acid, 
we have a gas resulting more thermic than one of 
its ingredients, sulphur, and less thermic than its other 
ingredient, oxygen ; that is, part of the heat of the 
more thermic ingredient, oxygen, has been transferred 
to the less thermic ingredient, sulphur, in sulphurons 
acid. So that the course taken in this case by con7 
ditional heat is that it is discharged or transferred 
from one of the combiners into the other : and this 
happens with a good number of acids. 

So that during chemical combination there are at 
least three courses that conditional heat may take ; fOT 
throughout the entire domain of chemistry no chemi- 
cal combination can take place without one of the 
three following conditional heat changes : — 

Ist, This heat may be lost, discharged, repelled. 
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from both of the chemical combinera, as in certain 
osy-metallic combinations. 

2(1, This heat may be gained, attracted, or dis- 
charged into both the chemical combiners, as in the 
bisiilphuret of carbon. 

3d, This heat may be lost or transferred by the 
one chemical combiner, and gained or received by 
the other, as in many acids. 

And, lastly, it is highly important to be observed 
that conditional heat of ingredients, while theyexist in 
chemical imion, must be quite equal and alike. Thus 
whatever difference in conditional heat oxygen and 
hydrogen might have before combining to form 
water, when once combined and existing in water 
they must have the same conditional heat. For in 
water oxygen and hydrogen solidify, melt, vaporise, 
in common and at the self-same moment, and with 
equal ease. As components of water, the two chemical 
elements, oxygen and hydrogen, thermally act and 
suffer in unison. 

So that it may be stated, shortly, that, thermally 
speaking, chemical combinations consist simply of 
conditional heat discharges and heat equilibrium. 
That is, conditional heat dischaiges from, into, or 
between, combuiing substances, leading to complete 
equalisation or equilibrium of the conditional beat 
of the combiners as they coalesce into the compound 
state. 
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Having tliua succinctly traced conditional 
during binary chemical combination, we will proceed 
to study the same heat during the converse binaij 
chemical decomposition, "When for example the 
hydrogen in water is deoxidised, when that metallic 
oxide water is reduced or decomposed, its hydrogen, 
in assuming the gaseous shape from the liquid state 
in which hydrogen existed in the water, must have, by 
our axioms, absorbed heat, for hydrogen then passes 
from an athermic to a thermic form. Again, when 
mercury in the solid mercurial oxide is deoxidised, 
reduced, or decomposed, mercuiy must in assuming 
the liquid metalHc form, from the sohd foi-m in which 
it existed as oxide, — mercury must, I repeat, gain 
heat. Mercury, iu passing from its solid oxide into 
its metaUic liquid form, has passed from thermism to 
athermism, and therefore mercury then gains heat. 

Again, when zinc passes from its oxide shape infoa 
metallic form, zinc passes fram comparative infusibility 
to fusibOity — that is, from thermism to athermism, 
and zinc must therefore, in these circumstances, gain 
heat ; and because most protoxides are less thermic 
than most metals, the most of the metals gain heat in 
passing from protoxidicity into metalUcity. This heat 
of condition lost and gained by metals in oxidation and 
deoxidation, may be conveniently called the latent 
heat of metaUicity. A metal oxidises, and as that 
metal's protoxide is conditionaUyless thermic than the 
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metal itself, the latent heat of metallicity ia given 
out or discharged Per contra, a metallic oxide is 
deoxidised or reduced, and as a metal is conditionally 
more thermic than its protoxide ; the heat of metal- 
licity is taken in hy the oxide metal, to enable it to 
assume the metallic shape. So that we have come 
to find out, and let it be repeated, so as to become well 
impressed on the mind, that every metal that com- 
bines rapidly with oxygen of the air, bums, oxidises, 
loses, repels, dischai^es heat ; for example, hydro- 
gen when it oxidises, or when changing into water, 
must lose heat, must become minus as to heat, for 
hydrogen then passes from a gas to a liquid. Out of 
two gases that are quite tmliquefied, oxygen and 
hydrogen, a hquid is produced, as the result of com- 
bination. Oxygen and hydrogen must therefore, 
according to our axioms, have lost in this water 
combination great beat ; a heat very evident to the 
senses and very great, for it is the latent heat of two 
of the most thermic of gases. 

Moreover, hydrogen, attracting oxygen, repeb 
heat. 

Take another metal, zinc ; — when zinc oxidises 
rapidly in air, zinc bums, loses, disebai^es, repels 
heat, becomes minus as to heat. AVhile zinc metal 
is changing into zinc oxide there is a heat loss or 
di&cbai^ from it. 
■> Moreover, zinc, attracting oxygen, repels heat. 
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But the loss of conditional heat by bmning 
zinc is not at first sight so evident as waa the 
heat loss in burning hydrogen just spoken of; 
but still we must hold that metallic zinc, like 
hydrogen, loses conditional heat in burning ot 
in changing into zinc oxide, because zinc oxide is 
far less fusible than zinc metal, and therefore by 
our axioms zinc in its oxide is less thermic than zinc 
is as a metal, and zinc metal consequently passes from 
thennism to athermisra in changing into zinc oxide, 
and therefore loses heat, becomes minus as to heat 
And because by far the greater numbers of the metallic 
protoxides ore far less fusible than their correspond- 
ing metals, we must arrive at the most important 
conclusion, that by far the most of the known metals, 
in changing into oxidity, or in burning, lose heat. 

But if metals in passing into oxidity, in changing 
into an oxide state, in burning, lose, repel heat, it is clear 
that those metals cannot take the reverse step, that is, 
pass from oxidity into metallicity, without a gain, or 
attraction of conditional heat. K the change of its 
metallic form in a metal by protoxidation presupposes 
a loss of conditional heat in that metal, then this lost 
conditional heat must be once more attracted and 
regained by the oxide metal, when it re- 
metaUic state, or is, as it is called, reduced. 

In oxidation a metal loses heat, in deozidataon 
it gains conditional heat. 
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And by the study of these phenomena we leam 
yet more than the existence of what I have called 
the heat of metallicity, we observe further that a 
metal that is losing heat, attracts oxygen, and, on 
the contrary, an oxide metal that is attracting heat, 
is repelling oxygen, and this must be carefully re- 
membered, as it serves to elucidate some of the 
phenomena of galvanism, to be described hereafter. 
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CHAPTEE in. 



PuESUiNG now our subject, we remark that condi- 
tional heat is a heat inherent in all bodies. This 
heat does not convey to our feelings any sensation 
of warmth or coldness. Nor does this heat affect 
the thermometer. Nor, what la more important^ 
is this conditional heat lost or gained by gradual 
radiation or conduction Irom or to surrounding 
objects, as heat in its more familiar aspects is. 
But this lieat in alone lost or gained per saltim,- 
by a change of form in the substance losing or g 
ing the heat. And in this property conditional heat 
is entirely analogous to the latent heat, for example, 
of water, for latent heat in water is independent of 
surrounding temperature, and is neither sensible to 
our touch nor to the thermometer, nor is lost or 
gained by radiation or conduction from or to 
rounding objects. But this latent heat of water is 
alone per saltum lost or gained when water changes 
shape by becoming solid in ice or gaseous in steam. 
In a liie manner, the conditional beat of chemicals is 
alone lost or gained when substances losing or gain- 
ing it are per saltum changing shape during chemical 
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combinations. Otherwise this conditional heat is qmte 
passive, bidden away, latent, and had never been 
thought to exist, or at least, as it seems to me, 
never attracted due attention. 

But having reached the point that conditional 
heat can not be cbaiiged, except its cbangera are also 
themselves changed in form, the thouglit at once 
Btrikes the mind that, in chemical combinations, 
change of heat and change of form are cause and 
effect. In other words, that the conditional heat 
changes so constant and universal in chemical com- 
binations, are ivhat produce the form changes, also 
as constantly and universally present. 

For we well know that simple latent heat does 
change the forms of matter. For example, simple 
heat, alone, impresses upon water such varying forms 
as the dewdrop, hoar-frost, iceberg, invisible steam, 
and the storm clouds — shapes, I venture to t hinlr , as 
dissimilar from each other as hydrogen and oxygen 
are from their compound, water. But it must be 
further taken into serious consideration that these 
heat shapes of water, dewdrop. hoar-frost, invisible 
steam, are by no means the only shapes that heat 
singly is capable of moulding upon matter. But in 
addition to those forms of sohdity, liquidity, gaseity, 
given by heat, pure and simple, to many substances, 
we have yet another, which is not so common, and 
which has been called AUotropy. 



A little painstaking reflection and the 
axioms will most clearly and indisputably show, that 
it can only be difl'erent amounts of chemical Heat 
that give to sulphur its well-known allotropic forma. 

Many simple bodies, such as charcoal, phosphonis, 
— nay, many compound bodies, such as the iodide of 
raerciuy, show tlds remarkably suggestive property 
of allotropy. 

Of the three allotropic forms of sulphur, that 
which ia to be obtained from crystallisation from s 
solution of sulphur is the most athermic, and consa- 
quently it will be the heaviest The allotropic form 
of sulpbiu: which results from prolonged heating is 
the most thermic, and consequently the lightest. 

Of charcoal's aUotropiea or heat shapes, we must 
conclude that the diamond is the moat atheimif^ 
because the diamond is the heaviest carbon. 

To these changes of form, then — namely, solidity, 
fluidity, gaseity, allotropies — that heat is ah;eady 
known to give to matter, we would now add 
another, namely, the change of form resultii^ from 
change of our so-called conditional heat in chemi- 
cal combination. And I would have it thus hdd 
that the conditional heat loss that oxygen and 
hydrogen have most undoubtedly suffered in form- 
ing water is the cause of the remarkable change 
of shape that these two gases have undergone 
in combining to form water. In other words, I 
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would have it held that water is a mixture of 
allotropic oxygen and hydrogen. I ■would Lave it 
held that to mixture and allotropy of ingredients we 
owe every chemical compound ; mixture hrought about 
by mutual mechanical attraction of the molecules 
of the combining substances ; allotropy produced by 
the conditional heat dischargee, by loss or gain of 
heat, by the same said molecules. When chemical 
compounds are takea for mere intimate mixtures of 
their ingredients, it may well seem marvellous and 
inexjilicable that their ingredients should yield, by 
chemical union, compounds so imlike to the ingre- 
dients themselves or to those ingredients' mechanical 
mixture. It may well seem passing strange that chemi- 
cal children alone should be so unlike their parents. 
But this difficulty vanishes if we know that the 
ingredients of every chemical compomid are allotro- 
pically altered by heat changes, in addition to being 
mixed up together. And well we know that allotropy 
— ^that is, heat modifications — can work out mira- 
culous changes. Singly, without any other ally or 
»id, allotropy can evolve the biillianfcly sparkhng 
diamond fi'om, as it were, a piece of dark opaque 
ishareoaL And latent heat is every day inducing in 
Lvater such dissimilar but familial' forms as invisible 
iteara, mist, and the beauteous snow crystals. 

Kay, it seems certain tliat allotropy has far more 
^Ho than mere mizture in developing the manifold 
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differencea observed between chemical compoi 
and the ingredients from which they spring. It seema 
thus certain, because in compounds where mixture 
prevails over allotropy — that is, in compounds in 
which there is more mixture than allotropy of ingre- 
dients, aa in alloys— then the resulting compounds 
are, in a measure, like their parent metals. And I 
say that mixture of ingredients prevails over allotropy 
in alloys, because, iu alloying, metals do not lose or 
gain any very large quantity of conditional heat, as is 
very evident from the quiet way alloying metals 
generally unite ; in other words, in alloying, raetals 
do not bum vividly and violently, as they do when 
they combine with oxygen, clilorine, etc. etc. ; and 
this means that, in alloying, metals do not change 
enough hi their conditional heat to lose metallicity 
and their more familiar aspects. Nay, we can even 
trace between the common allotropiea of a substance 
and its combination aUotropies a very strong family 
resemblance. Thus a good many of the metallio 
sulphurets are black, and there is a common allotropy 
of sulphur that is quite black. Solid carbonic acid 
is white, like enow ; the carbonates are generally 
white, etc. etc. And the diamond allotropy of carbon 
seems to exist on purpose to make us wonder less at 
the clear, sparkling, transparent aspect of carbon in 
ether, alcohol, and in many other combination 
allotropiea of carbon. 
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The influences of heat in chemistiy and in 
chemical action begin now to dawn and open upon 
us. It is chiefly to heat agencies that we owe the 
Proteian transformations so frequent ia and so cha- 
racteiistic of chemistry. 

We know, or we must grant, that radical changes 
of beat have the power of evolving change of form ; 
we know, farther, that such changes of heat con- 
stantly and necessarily attend chemical combination 
or action : it seems a fair conclusion that the changes 
of heat are the cause of the changes of form in 
chemical actions. 

Hence we will assume the existence in chemistry 
of a heat of transformation — a morphigenic heat. 

You cool down water, suddenly, at a certain 
crisis, a dischai^e of what I venture to caU morphi- 
genic heat, but what is generally called latent heat, 
from the water takes place, and a change of form, 
of water into ice, invariably occurs. You heat the 
ice, and a discharge of morphigenic heat takes place 
into the ice, and a change of the ice's form into that 
of water results. 

Again, you heat sulphur, and it absorbs morphi- 
genic heat, and takes on its various allotropies. 
Sulphur cools, suddenly the same sulphur passes 
by morphigenic beat discharge into its more stable 
and common forms. 
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In nature's secret laboratory, carbon has been, by 
the subtraction of heat, converted into the brilliant. 

Ton place potassium in oxygen gas, there 
follows an attraction of the oxygen by potassium, 
a discharge of heat by both potassium and oxygen, 
and a consequent change of shape in both, and a 
production thereby of a white powder. Heat now 
this white powder in the fierce and concentrated fire 
of a voltaic battery, and the heat of transformation 
(as will be yet more apparent in a future part of this 
disquisition) seizes again upon potassium and oxygen, 
and turns them into their pristine shapes. By add- 
ing or subtracting the heat of transformation, morphi- 
genic heat, you have produced all these changes. 
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CHAPTER lY. 

lave now tracked thia conditional or morphi- 
Blieatjtliis latent heat of chemical transformations, 
ing italosa or gain in comhining hodies, during its 
diarge and ec[uilibriunL We have also noted this 
.t*8 transforming effects on chemicals. We now 
s on to investigate some of the results of an 
umnlation, or the revei-ae, of chemical heat in 
[les. 

A metal very chemically thermic, that is, with a 
isiderable accumulation of heat on it, such as 
ium and potassium, etc. etc., may he reasonably 
ragh conceived, since they readily conduct heat, 
have a strong tendency to cool, to emit, to dis- 
,1^, to lose, to repel heat, just as aH overheated 
lies have a propensity to lose their surplus heat. 
t potassium, etc., can not, as we have seen, lose its 
iditional heat by radiation and conduction, but 
y by potassium, etc., elianging its form — that is, 
abining chemically ; hence potassium and its class 
metala have the utmost facility in comhining, and 
a combined ; are, in fact, never found 
Etbined. Platinum's thermal state is quite 
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opposite to that of the potassium class of metals. 
Platinum is a chemically athermic metaL In 
platinum there ia quite the reverse of an accumu- 
lation of heat, there is a great want, a decided 
lack, of heat. Platinum shall have, therefor^ 
as it conducts heat, the strongest inclination to 
attract heat, as is well seen in Dohereiner's lamp, 
and, indeed, in many other actions in chemiatry. 
Now, this tendency of heat attraction in platinum 
and its class makes platinum not easily oxidisahle, 
for we have again and again seen that metals require 
to loae or to repel heat in order to oxidise. Plati- 
num must be, therefore, indifferent to oxygen ; and 
when, by roundabout means, platinum does oxidise, 
platinum is with ease reduced from its state of oxidi^ 
for gain of heat is easier to platinum's character and 
nature than loss of heat ; for platinum is a metdl 
altogether chemically athermic, hy weight, fusion 
point, and atomic weight. 

"We have ere now found that a metal, in 
order to oxidise, must repel heat ; hence such metala 
as thermic potassium, etc., that best repel heat, 
shall clearly best oxidise ; and such metala as 
athermic platinum, etc., that best attract heat, eliflll 
be the very worst to oxidise. Again, we found, also, 
that a metal, in order to deoxidise, must attract 
heat : hence such metals as athermic platinum, that 
best attract heat, shall best or easiest deoxidist^ 
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or be reduced ; while that metal which most attracts 
heat, as thermic potassium, shall, ipso facto, be the 
very worst to deoxidise. If you heat a metal artificially, 
you of course accumulate more and more heat upon 
it, and are thereby, all the time your heating con- 
tinues, increasing more and more the heated metal's 
tendency to cool, to discharge, not only the heat you 
are adding to it, but the metal's own conditional 
heat. You are increasing the metal's tendency to 
discharge heat, that is the metal's tendency to com- 
bine chemically ; for example, to oxidise, and oxi- 
dation, therefore, at a determinate crisis is sure to 
happen, — in this manner, of a sudden, there occurs a 
rapid change in the metal's and oxygen's conditional 
heats, this being visible to us as a flash of light and 
heat, and oxygen and the heated metal simultaneously 
lose, discharge heat, and change their forms, and in 
fact combine ; aU which passes with the rapidity of 
an electric phenomenon. Indeed, if heat be the cause 
of chemical transformation, as I would have it to be, the 
more thermic a metal inherently is, or the more thennio 
you artificially make it, the readier will that metal 
be to chemically transform, or to combine. We have 
thufi seen or thought that one of the effects of a body's 
being chemicaRy overheated, was that thereby that 
body had a great inchnation to cool, as all bodies 
overheated in the common way are well known to 
have. Hot bodies wish for cold ; hot bodies, if I may . 
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be allowed the expression, attract cold, and there- 
fore the aubstaoces that are cold or athermic We 
have imagined, further, that one of the effects of b 
body's being chemically cold, was, that that body had 
a tendency to attract heat, and therefore the bodies 
that are chemically heatful or thermic ; we therefore 
come to the conclusion that chemically thermic bodiea 
win mechanically attract athermic bodies : that che- 
mical substances, in opposite or different statea of 
heat, mechanically attract each other — the athermic 
chemicals mechanically attracting the others that 
are thermic, and, per coiiira, the thermic ehemioalfl 
mechanically attracting those that are athermic. 

In order to prove that it is the difference in 
the heats of chemicals that is the cause of the 
chemicals' mutual mechanical attraction, wo require 
to examine carefully the heats of typically attracting 
chemical substances, such as the metals and the 
metalloids, the acids and bases, — using for this exa- 
mination the axioms of which we stipulated the con- 
cession, and of any other heat effects that shall be 
suitable. 

On examining, by means of our axioms, .the heat 
states of the metals, and of those metaRoida that are 
known to attract them, we do most clearly find that 
the metals are, as a class, chemically athermic, while 
the metal-attracting metalloids are chemically thermia 

For, excepting the very exceptional metal hydro- 
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gen, tliere are only four of the most conditionally 
thermic of the metals in nature — namely, mercury, 
ruhidium, potassium, sodium — that are more thermic 
conditionally than the most athermic of the metal- 
attracting metalloids, sulphur and iodine. Tor mer- 
cury, rubidium, potassium, Hodiuni, alone of the very 
many metals, have lower melting points than the 
most athermic of the restricted group of metal- 
attracting metalloids, snlphiu' and iodine. 

But mercury's great gi'ain athermiam, as shown by 
mercury's great weight, and mercury's great atomic 
athermism, as shown hy mercury's large equivalent 
weight, thiow mercury completely out of the class of 
thermic metals proper, that can he at all compared with 
the metalloids. So that only three metals, rubidium, 
potassium, sodium, out of upwards of forty metals, are a 
httle conditionally more thermic than the most ather- 
mic, mark yon, of the metal-attracting metalloids, sul- 
phur and iodine. Hydrogen alone of all the metals 
presents a most distinct and startling exception, for, 
as far as we can by our axioms judge, hydrogen is 
the most thermic substance in nature. 

The metal hydrogen, therefore, instead of being at 
aU athermic, is intensely thermic. One sort of ex- 
planation of this most exceptional nature of the metal 
hydrogen may however be attempted. Hydrogen's 
great lightness (it is by far the hghtest form of matter 
known) ; hydrogen's very small atomic weight (it has 
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by far the smallest atomic weight of known bodies), 
show or indicate such enormous powers of heat con- 
centration in hydrogen, such susceptibilities to heat 
in hydrogen, that we must consider even the gase-, 
oua state to he a very athermic state for such a hot 
grained and atomed metal as ia hydrogen, Hydn^en 
has such beat capabilities, that hydrogen, the gaa 
that exists here in this planet, is cold indeed when 
compared to the state in which it may exist else- 
where, as in the sun for example. 

But placing, in the meanwhile, aside the excep- 
tional metal hydrogen, we i-epeat that it takes the 
heat of the exceptionally most thermic of the many 
metals to match the conditional heat of the excep- 
tionally athermic of the metal-attracting metaUoidB, 
though comparatively few in number. And if we, 
on the contrary, take the most thermic of this metal- 
loid group, oxygen, and contrast oxygen's heat witi 
that of one of the more athermic metals, platintim, l3lB 
heat difference is enormous. We have therefore most 
decidedly the metal's conditional states as to heat 
not only different, which might suffice for weak me- 
chanical attraction, hut the opposite to that of the 
metal-attracting metalloids, which produces thai 
strong mechanical attraction known to exist. The 
metals are thus minus as to conditional heat, and the 
metal-attracting metalloids plus as to that heat. 

If we also contrast the weights, or the specific 
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gravities of the metala ■with the weights of the metal- 
attracting metalloids, we shall find that the metala are, 
as a class, heavier than the metal-attracting metal- 
loids. For it takes the lightness of the exceptionally 
light metals, potassium, etc., to match the hghtneas of 
the heaviest, mark you, of the metal-attracting 
metalloids, iodine namely. There being out of ahout 
forty metals only eight that are hghtet than the 
heaviest of the comparatively few metal-attracting 
metalloids, iodine. So that hy the test of weight the 
metals are, as a class, colder grained than the metal- 
attracting metalloids ; the metals are minus as to 
heat, and tlie metalloids plus as to heat. 

Again, if we contrast the specific heats of the 
metals with those of the said metalloids, we shall find 
that the metala, as a class, are colder apecifieally than 
the metal-attracting metalloids. I*or, excluding iodine 
and bromine, there are only five or six metals of the 
forty that are specifically hotter than the metal- 
attractuig metalloids. So that by the test specific 
lieat, also, the metals are as a class atomically less 
thermic than the said metalloids. 

So that we have found that by the three great tests 
of condition, weight, and specific heat, the metals are as 
a class chemically less thermic than the group of 
nxetal-attracting metalloids. We say as a class, for 
Bxaong the most thermic metals and athermic metal- A 
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loids, examples may be taken whose heat or 
is pretty much alike, and which thus fonn 
way group that connects the heat properties of 
with the heat properties of a certain group 
metalloids. 

In lact, nature so acts always, there seldom 
any abrupt passage, but on the contrary a 
imperceptible transition from one group of sul 
or animals to another. And it is interesting to 
that the metalloid iodine, that has heat propertie^- 
that is, that has condition, weight, and above all, 
specific heat most similar to the metals — ia actually 
very like on superficial examination to a metallic sub- 
stance. So that, if our axioms be granted and be true, 
there can not be the slightest doubt that there is not 
only a chemically heat difference but a beat contrMt 
between metals and the metalloids that so readily 
and powerfully attract them, the metals being na- 
tive as to heat if contrasted with the metailoida, 
which are plus as to heat." 

But there is yet another and a most important 
beat contrast between metals and metalloids, and 
that is simply that the metals conduct heat and 
the metalloids do not, so that there exists between 
these two groups of chemicals a heat-conduction ecai-- 
trast., 

Agiiin there exist other metalloids that do ntH 
attract the metids, and this group of metal-repellant 
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metalloids consists of carboiij silicon, boron. Testing 
the conditional heat of this group by our axioms, we 
find these metalloids conditionally cold, and indeed 
one of them, carbon, is the coldest element known, 
inasmach as carhon has never been iuiet[uivocally 
fosed. So that it would seem that comparative oppo- 
site states of heat produce attraction, and compara- 
tive similarity of conditional heat produces chemical 
lepulsion. That is, that a plus or positive state as to 
beat attracts the minus or negative state as to heat, 
and that minus or negative state as to heat I'epels the 
like minus or negative state as to heat. 

K we scrutinise the thermal states of acids and 
bases, we find most distinctly that these great 
groups of chemicals are in opposite states of heat — 
the acids being decidedly thermic, and the bases 
athermic. 

And, first, taking the inorganic acids for study, 
and beginning at the very root of the matter, we 
observe the ingredients from which those acids 
spring, and find them derived exclusively, or in 
greatly preponderating proportions, from metalloids — 
that is, from the thermic group of the elements. Thus 
the ingredients of what are called the hydrogen acids 
consist of the thermic metalloids, chlorine, bromine, 
etc., and hydrogen, the most thermic substance 
known ; as, for example, hydrochloric acid, hydro- 
bromic acid, etc. 
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Tlie ingredienta of tlie most powerful of the 
acids are very often wholly derived from metalloids, or 
the thermic group of the elements, such aa, for example, 
sulphuric acid, nitric acid, etc. ; and even in the 
metallic osy-acids, the quantity of that very thermic 
metalloid, oxygen, vastly preponderates over the 
alhermic metaUic ingredient of the acid, as in per- 
manganic acid (Mn^ Oj), antimonic acid (Sb^ OJ, 
etc. etc. So that it ia cjuite evident that the acids 
come from the thermic group of substances. But it 
ia clearly not enough to prove the thermic state of 
the acids that we observe the fact that these acids 
spring from thermic parents, for these thermic or 
heatful parents might, in combining to produce the 
acid, lose all their heat — that is, suffer complete ther^ 
mal degeneration. We must, therefore, prove further 
that the inorganic acids not only spring from thermic 
parents, but that these thermic parents transmit their 
heat to their acid offspring. And this we easily do Iqr 
noting the course taken by conditional heat during 
the formation of inoi-ganic acids. K we examine, 
therefore, the thermal phenomena of the acid's for- 
mation, we find that at least one of the acid's com- 
ponents gains heat of condition in the act of formii^ 
the acid. For example, the hydrogen acids are com- 
posed of the thermic clilorine, bromine, etc., and the 
more thennic hydrogen. "When now chlorine com- 
biues with hydrogen to produce hydi-ochloric acid, 
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part of the heat of the more thermic component 
hydrogen passes into the chloiine, for hydrochloric 
acid is a gas more thermic than chlorine, and less 
thermic than hydrogen, for hydrochloric acid is a , 
gas liquefiable at 40 atmospheres, chlorine at 4 1 
atmospheres, and hydrogen is unhquefied. The gas I 
hydrogen therefore heing farthest from liquidity, the 
gas hydrochloric acid next, and the chlorine nearest 
to liquefaction, it follows that hydrogen is the most 
thermic, and chlorine the least thermic of these 
three gases, hydrogen, hydrochloric acid, and chlorine. , 
So that in this combination of the thermic hydrogen 
and chlorine there has heen not a heat degenera- | 
tion, but a heat transference from the more ther- 1 
mic to the less thermic ingredient. The same heat 
transference from hydrogen takes place into bromine 
when the two combine to form hydrobromic acid, 
for we find liquid bromine becoming a gas in 
hydrobromic acid. Bromine thus retaining part of | 
the heat of hydrogen when the two become an acid ; 
the same thing happens with iodine. 

In some oxy-acids, analogous heat transferences 
from a more thermic into a less thermic ingredient, | 
the same heat retention takes place. Thu3 the heat 
transference from oxygen into solid sulphur raises 
sulphur into an acid gas — the sulphurous acid, a i 
dfrect compound of oxygen and sulphur. Tlie same j 
thing happens with carbon in carbonic acid gas, etc. 1 
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For if wa examine the acids' conditional heat states, 
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we find that by this test the acids are thermic condi- 
tionally. For the inorganic acids are, as a class, either 
gases or volatile liquids, or fixed liquids, or soluble or | 
fusible solids, each of these forms belonging more to j 
the thermic side of our chemical thermometer than 
the athennic. I 

So that there exists in an acid's origin, formation, 1 
and condition, conclusive evidence that the acid is 
chemically thermic. But it is clear that acids can exist 
in a wide range of conditional or physical states. No 
doubt acid nature must always prefer the more thermic 
physical states of matter, but stiU. a comparatively 
athermic conditional state is not quite incompatible 
with acidity, or with acid properties. In illustration of , 
my meaning, let us take the gases hydrochloric acid, j 
hydrobromic acid, and hydriodic acid, and we find 
these three substances have different conditional i 
heats. Hydrochloric acid being farthest from lique- 
faction, is the most thermic conditionally of these 
tliree, and hydriodic acid the most athermic But, 
nevertheless, conditionally athermic hydrobromic acid 
is an acid quite as well as its more thermic con/rh-e, 
hydrochloric acid. For, in point of fact, both hydri- 
odic and hydrochloric acids have the same quantity I 
of the heat of acidity got from their ingredient, 
hydrogen. But gaseous chlorine being more thermic J 
than solid iodine, of course thermic chlorine, after* 
receiving hydrogen's heat, will be more thermic thanfl 
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the athermic Bolid iodine after receiving the | 
amoimt of heat from hydrogen — that ia, hydi 
acid will be more thermic conditionally than 1 
odic acid ; for in the case of chlorine, hydi 
form hydrochloric acid, discharges heat into a 1 
chlorine ; into a substance, namely, already by n 
thermic or heatful, and in the case of iodine, hM 
gen, to form hydriodic acid, discharges an ■ 
amount of heat into a solid, iodine, — into a ^ 
stance, therefore, by nature athermic or hes 
But as both chlorine and iodine receive from I 
gen, in their compounds, hydrochloric and hydi 
acids, a certain amount of heat, in additi 
their own proper heat, chlorine and iodine, 1 
then acid So it is this heat of acidity, and i 
heat of condition of a substance, that makes 
acid. Substances having this heat of acidity in fi 
molecules, or getting this heat added to it in.i| 
way, will become an acid, but not till then, 
example, silica's usual physical condition is 1 
means that of a normal acid, and silica only h 
an acid when it obtains the heat of acidity in a 
furnace, etc. 

The inorganic bases form a striking heat c 
to the inorganic acida By far the most of thfil 
bases have one ingredient belonging to the athennie 
metallic group of substances. The other ingredient 
of the base may come from the thermic metalloids, 
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"but it is a highly remarkable fact that the less of 
the thermic metalloid a hase has the better base it ia. 

But to prove the athermic state of a base it is by 
no means enough to observe the fact that bases spring 
from athermic pareata, for those athermic parents 
might, in combining to produce the base, gain heat. 
We must therefore not only prove that bases spring 
from athermic parents, but that these parents do not 
acquire heat as they produce their offspring, the 
bases. And we are thus forced to examine the course 
taken by conditional heat during the formation of a 
base. But bases are formed from the combination 
of metals with oxygen from protoxidation of the 
metals. And we have ere now pointed out that in 
protoxidation of metals both the oxygen and the 
metal lose, discharge, repel heat. So that both the 
ingredients of a base, in forming the base, lose heat 
of condition. So that bases are, by origin and fonna- 
tion, athermic. But if bases spring chiefly from 
athermic ingredients, which, in addition, suffer still 
farther thermal degeneration in combining to form 
the bases, it follows that bases must, as a rule, be in a 
conditionally athermic state. And this is, in fact, the 
case, for if we examine the bases' conditional state we 
find them athermic, for they are, aa a rule, badly- 
fuaible, or insoluble aoHds. 

But it is clear that bases may exist in a wide 
of conditional or physical states. No doubt j 
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but that base nature must always prefer the 
athermic physical states, but comparatively thennie 
physical states are not incompatible with basic 
powers or properties. To illustrate my meaning, let 
us take the three bases — ammonia, potassa, and the 
oxide of zinc — and we find that these three sub- 
stances have each very different conditional heats. 
Ammonia is a gas, potassa a soluble solid, oxide of 
zinc an insoluble solid-— ammonia being therefore 
the most thermic, and oxide of zinc the most ather- 
mic of the three ; but thermic ammonia is a good 
base as well as athermic oxide of zinc, for, in fac^ 
aU the three metals — hydrogen, potassium, and zine. 
— in ammonia, potassa, and oxide of zinc, have each 
lost a large amount of basic heat. In each of theea 
three metals there is a large basic deficit or lack of 
heat, and therefore these metals have their basic 
allotropies. But as hydrogen, when it began to I088 
heat to become a base in ammonia, was an unliquefied 
gas, hydrogen's basic heat loss only reduced hydrogen 
in ammonia to an allotropy liq^uefiable at 6 atmo- 
spheres, while, of course, sohd zinc's basic heat losa 
reduced the comparatively athermic zinc in the oxide 
of zinc almost to infusibHity. For basic athermismis | 
not exactly conditional athermism, for it is reckoned 
from the heat states of the bases' ingredients befoB 
combination, and not, as is conditional heat, from dis- 
tance from Uq^uidity. Hence it arises that ammonia is 
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a gas, and still a very powerful base, for in ammonia 
there is a most distinct basic heat deficit, for ammonia'a 
ingredients— nitrogen and hydrogen — are imiiquefied, 
and ammonia itself lic[nefies at 6 atmosphere3, and 
solidifies at minns 103°. Ammonia is athermic if you 
compare it with its very thermic progenitors. So that 
we come to iind that it is more the basic beat loss, and 
not actual conditional heat, that forms the base. So 
that we will assume in the course of this paper that 
inorganic acids and bases are in opposite states as to 
heat — that acids are plus or positive as to heat, and 
bases minus or negative as to beat. But we cannot, in 
a review of acids and bases, entirely omit those of 
organic chemistry. In studjing these delicate and 
highly complex structures, so eminently sensitive to 
heat, we at once perceive that our already enume- 
rated heat tests are far too coarse for such cases. 
But the effects of heat on matter are so numerous 
and pronounced, and as we shall freely adopt and use 
any and all heat effects that may suit us, we shall, I 
hope, have but little difficulty in iinding other suit- 
able chemical thermometers for organic chemistry. 

Now, we know that heat influences the solubility 
of substances, as a rule, by increasing solubility, so that 
we wiU assume that a soluble substance is more ther- 
mic conditionally than an insoluble one, for solu- 
bility seems to be akin to fusibility. And if we admit 
this assumption we at once see that the organic acids j 
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are, as a rule, more thermic conditionally than the 
organic bases, for the organic acids are much more 
soluble than the organic bases. 

In connection with this subject, and for our 
future use, it is interesting to note that the taste of 
positive electricity is acid, and the taste of negative 
electricity is alkaline. And, in those days of spectral 
analysis, it may be noted that the colours red and 
green given by acids and alkalies to certain vegetable 
colours are the acid red colour, the hot colour of the 
solar spectrum, and the alkali green colour, the cold 
colour of the solar spectrum. 
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CHAPTEE V. 



In recapitulation : we iDegan this subject by calling 
attention to the great importance of heat in chemistry. 
We then pointed out that each element possessed 
its own peculiar, inlierent, conditional, atomic and 
grain heat, measured by the element's physical 
state, weight, and atomic weight. We then showed 
that this heat, or at least conditional heat, was 
changed by chemical combinations in one of the 
following three different manners : — Conditional heat 
was discharged from the combiners, or was dis- 
charged i%to the combiners, or, finally, was dis- 
charged or transferred from one of the combiners 
to the other. And that from these heat discharges 
there resulted a heat equihbrium in the compounds 
produced. We found, further, that aa their conditional 
heat was changed the shapes of tho combiners aa con- 
stantly changed, so that we inferred that the lieat 
change was the cause of the fvrm change in chemical 
combinations. And we stated that chemical transfor- 
mations were not only not unlike the other and more 
familiar or acknowledged transformations that com- 
mon heat produced on substances, but were quite 
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similar or identical with aUotropy. We assumed, 
therefore, that chemical compoiiniis ware mixtures of 
allotropies of their ingredients. Mixture the result of 
attraction, and allotropy the result of heat changes, 
in the ultimate molecules of combining ingrediente, 
We thus reasoned out the existence in chemistry of 
a viorphigenic heat, a heat of chemical transformations. 
We then went on to examine some of the effects of 
heat'a accumulation or its deficiency in chemicals, 
and we thought we found that when bodies were too 
thermic, as potassium, they had a tendency to cool, to 
repel, to discharge their heat — to attract cold ot 
athermic chemicals. When, on the contrary, bodies 
were too athermic, as platinum, they had a tendency 
to get more thermic, they attracted heat or hot 
chemicals. So that we concluded that thermia 
chemicals attracted athermic chemicals, and m« 
versa — that is, that attracting bodies in chemistry 
were always in a different, or if they attracted 
each other very powerfidly, in an opposite state of 
chemical heat. And this we carefully tried to prove 
to be the case with metal and metal-attracting 
metaDoid, with acid and base. 

So that we have come to reason out that when 
chemical substances combine they miist be first in 
tUfferent or opposite states as to heat, in order that 
they may mutually and mechanically attract. In 
the second place, the combining substances must 
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shange their conditional heats, and therefore their 
forma. And lastly, that this change of heat must be 
90 contrived and ordered that there shall be a heat 
equilibrium in the new compound. 

We are now in the possession of the three steps of 
which chemical combinations consist, and are there- 
fore much better able to understand how such 
chemical combinations come about ; we repeat that 
chemical combinations consist of — 

1st, Difference in conditional atomic and grain 
heat — viz., in chemical heat producing simple 

t mechanical attraction, and leading to — 
Heat changes, or heat discharges, causing 
shape changes, terminating in — 
Equihbrium of heat, bringing about certain 
effects hereafter to be noted, 
these steps must be taken concurrently, or in 
very rapid sequence, by the substances that combine 
chemically. However decided any single one, or 
even two, of these three steps may be, stQl no 
chemical action can take place unless the whole 
three steps be seriatim taken. I mean that to comhine 
chemically, substances must mutually mechanically 
attract. But this is far from being enough. These 
combining substances must further change their 
conditional heat. But even this is not enough. These 
8!vid substances must change heats in such a way 
as to produce a heat equilibrium, as to assume equal 
conditional heats in their compound states. 
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In order to illustrate my meamng, let us Wa 
raise carbon's tliermal properties. Carbon is condi' 
tionally tbe most athermic of all known elements, but 
carbon's lightness and light atomic weight show carboa 
to be a very hot grained and atomed substance ; hence 
the athermism must be an intense one that can pro- 
duce utter infusibility in such hot grained material as 
is carbon. This veiy intense conditional athermism 
is what probably produces carbon's great hardness in 
the diamond, and carbon's complete iusolubditj' in all 
known menstrua. Platinum, though with difficulty 
fusible, cannot be so athermic as carbon. For plati- 
num's heavy weight and atomic weight indicate that 
platinum is a cold giained and atomed metal, so that 
the athermism that will make cold grained platinuBi 
infusible need not be so great as carbon's cold. Car- 
bon, I repeat, is an exceedingly conditionally athe>' 
mic body, but it conducts heat ; carbon is therefore, 
both willing and able to heat itself ; that is, carbon 
must mechanically attract those thermic bodies that 
can fiu-nish it with heat. Carbon must and does 
mechanically attract thermic bodies ; it draws and 
condenses into its pores with great power the heatftil 
or thermic gases. Indeed, from the mechanical ad- 
hesion of the gas hydrogen, in certain cases, carboa 
can with great difticnlty be freed. But this very 
athermic conditional state of carbon that makes 
it so ready to attract mechanically its opposite, 
the (Jiermic bodies — ^this atherndc state of carbon 
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iinfits it to take the second step in chemical com- 
bination, renders carton unaitle readily to change 
its form, for change of form is to be brought 
about by beat ; bence carbon, if yon do not meddle 
with its temperature, is the most inert of chemical 
substances. You must, in fact, heat carbon a good 
deal to empower it thereby to undergo chemical 
transformations, that ia to combine. Carbon's natu- 
ral state is, as it were, the same aa the artificial state 
of antimony when cooled by Schrotter to minus 106° ; 
but carbon's lightness, small atomic weight, conduc- 
tion of heat, prove it, as we have said, a hot grained 
and hot atomed metalloid. That ia, that carbon has 
great susceptibilities for heat, considerable powers of 
being heated. And so the heat you give carbon easily 
affects it, is readily accumulated in it, and thus 
produces heat effects better in carbon than platinum, 
which we have found is quite athermic, by weight, 
atomic weight, and condition. In the textural par- 
ticles, in the recondite atoms of platinum, there ia 
little sign indeed of power in platinum for any kind 
of heat concentration ; thermic bodies will therefore 
eagerly enough seek platinum's coldness to discharge 
there the superabundance of their heat, that is to get 
there cooled, and platinum wiU, j?er contra, seek these 
thermic bodies to be by them heated. So that, con- 
I d itionaUy, athermic spongy platinum draws and con- 
^Httises in its pores with great power the thermic 
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gases, just as the similarly atbemiic carbon did. And 
platinum is thus ever ready to take, and indeed ever 
taking, the first step in chemical combination, that 
of mechanical attraction. But platinum's thorough 
athermism makes platinum woefully incapahle of tak- 
ing the second step in chemical combination, tlttt, 
namely, of form changing, for form changes are alone 
to be effected by heat. And although platinom'B 
athermism will make it always attract heat, still pla- 
tinum's athermism is such that no heat that platinum 
has a chance of readily attracting is, as a rule, suffi- 
cient to make platinum's conditional heat reach its 
point of discharge, or give platimim its combination 
allotropies, for platinum is an athermic or heat 
negative metal, by weight, atomic weight, and con- 
dition. There is thus a complete contradiction in 
the heat properties of carbon ; cai'bon seems at one 
and the same time very athermic and veiy thermip, 
for carbon is very athermic conditionally and veiy 
hot grained, and one of the hottest atomed bodies in 
the world. But it is only by this very heat con- 
tradiction that we can at all explain the corresponding 
contradictory chemical behaviour of carbon. For tw 
bon is, on the one hand, owing to its great condi- 
tional athermism, the most unalterable and inert of 
chemicals in nature, and, on the other hand, owing to 
carbon's very great atom and grain heat, and heat 
conduction, carbon becomes the most active among 
the eJements. Carbon, 1 repeat, is the moat un* 
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changeable of the elements, and the cause is evident ; 
it is because Nature, as it were, has cooled down 
carbon in her own solid carbonic acid and ether bath; 
Nature has given very great conditional athermiam 
to carbon ; but it ia clear that this .chemical heat 
defect of carbon ia of all chemical heat defects the 
easiest remediable by art, for we can easily enough 
heat carbon, and as carbon conducts heat well and 
is already hot grained and hot atomed, this single 
heat defect of carbon, that is carbon's conditional 
atherraism, is readily done away with, and carbon 
thus ranks with tlie thermic chemicals. Nay fm-ther, 
this very great conditional athermism of carbon is of 
extreme value in producing that perfect mechanical 
attraction, that first great indispensable in chemical 
combinations that we see between thermic oxygen, 
thermic hydrogen, and thermic azot«, and athermic 
carbon, in organic chemistry. 

In the heat properties of the metal quicksilver, 
there appears also complete contradiction, but the re- 
verse of carbon. For carbon is very athermic condi- 
tionally, and very hot atomed, and very hot grained. 
Quicksilver is very thermic conditionally, and very 
athermic in grain and in atom. But quicksilver's 
double heat defects, that is ita great weight and 
atomic we^bt, are not so amenable to treatment or 
cure artificially. For it is clear that we are unable 
by art to increase or diminish at will the atomic 
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ve^lfat ot qnickah^K. So qnickEalrer ranks perma- 
Dcaitlf, by its great veigbt sod atomic veight, among 
the athennic and noble metals, baving, however 
chemical properties that deail}' resnlt &ora qniek- 
ffltver's great conditional beat So that we have dow 
glanced at the thermics of a substance carbon, that 
was, as it were, thennic on one side and athennic ra. 
tbe other ; and secondly, of a substance, platinma, 
athermic on all sides ; and thirdly, of a sabstance, 
quicksilver, athermic in some things, tbemufl in 
others ; and it is observable that the above enmnemted 
heat properties affect the chemical acts or behaviour 
of the said substances possessing them in a cone- 
spondingly remarkable manner. 

We now pass to examine the thermics of a metal 
that is in every respect thermic, the metal hydrogen. 

Hydrogen forms a striking thermal contrast to 
platinum, for hydrogen is thermic by weight, atomic 
weight, and condition. And as hydrogen is thus the 
antipodes to platinum in heat properties, so are the 
two also the very antipodes of each other in their 
chemical properties. Hydrogen has great chemical 
powers, it enters into the formation of an infinitude 
of organic compounds ; hydrogen enters into direct- 
and indirect chemical combinations with tbe utmo^ 
promptitude. Platinum is the most pennanen% 
sluggish of the elements. 

Although hydrogen forms with oxygen the very 



THEBMIC3 OF HTDBOGEN. 



53 



3e compound that b called water, still hydrogen 
oxygen may be kept intimately mixed for an in- 
nite time, without at all combining. This arises 
a the fact, that these two gases are both very 
rmic, are both, when they combine to form water, 
png to discharge heat. This they must do, as we 
e seen, if they so combine, either into each other, 
into the air. But as all these three — the atmo- 
ere, oxygen, and hydrogen — are almost equally 
imic, hydrogen when wishing to combine with 
gen to form water, that is hydrogen when wishing 
Hscharge heat, meets with a difficulty, for neither 
gen nor the surrounding air can readily act as a 
ductor away of heat or a refrigerator to hydrogen, 
irogen is therefore, as it were, glad to get the very 
irmie metal platinum to do this service for it, and 
he presence of platinum the two gases, hydrogen 
oxygen, combine much more readily, for these 
is can then discharge the heat they do not want, 
ire repelling upon the extremely athermic pla- 
mi longing for or attracting this heat or any heat. 
J in these circumstances, the platinum, by attract- 
the heat, becomes white hot So that, in the case 
;he gases oxygen and hydrogen, it is the second 
) in chemical combination that is difficidt — 
lely, the heat discharges, the form changing. The 
; that oxygen and hydrogen (it is the heat seen in 
oxy-hydrogen blowpipe) have got to lose in com- 
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bining 13 so enormous that tliey find a difficulty in 
getting, so to speak, rid of it. 

So that, as we found in the case of carbon, there 
was from laok of heat a difficulty in changing fonn, 
so we now find that too much heat in hydrogen 
impedes somewhat heat discharge and shape change 
in thermic hydrogen. But as this very thermic stats 
is the only beat defect of hydrogen, and as hydro- 
gen conducts heat, the defect con be easily remedied 
by presenting to hydrogen and oxygen about to com- 
bine, and wishing therefore to lose heat, a vay 
athermic object, a strong heat attraetor, as platinum. 
Just as we had to heat athermic carbon to make it 
combine, we have to cool thermic hydrogen in order 
to make it readily combine, and as both carbon and 
hydrogen conduct heat, this is not difficult ; and thus 
the reason that utterly atViermic platiuum produces at 
once quiet union of the two gases oxygen and hydro- 
gen, is, that platinum athermises them. So that we 
have come to note in chemistry that the opposite- 
extremes of conditional temperature — the very ther- 
mic, such as hydrogen, and yet more, the very athei- 
mic, as carbon — have their especial difficulty in form 
change. The state of liquidity being clearly the 
most favourable to chemical action, and therefore 
what is called by chemists the nascent state, which 
is almost invariably a liquid aUotropy of the nascent 
body, proves of great and daily use in procuring the 
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union between certain chemicals. For in 

I nascent state tMs difficulty of form cliange is 

ined, obviated, or evaded, and the mecbanieal 

;tion often piodnced or at least increased or 

litated. 

That chlorine should have greater ease in combin- 
g[ with hydrogen is easily enough conceived : chlo- 
1 is perceptibly less thermic tlian hydrogen, and 
efore wiU attract mechanically the hydn^en 
r than oxygen did. 
It requires more circumlocution to explain why 
hydrogen does not combine with most of the metals, 
say with aluminum, as hydrogen does with bromine, 
etc. etc. For aluminum is less thermic than hydrogen, 
and aluminum is far from being so athermic, condi- 
tionally, as to make it difficult for aluminum to 
change form AVhy do not alimiinum and hydrogen 
combine ? It is because aluminum and the metals, 
as a rule, have no allotropy that at aU corresponds 
with any that hydrogen can have. The metals and 
aluminum with hydi'ogen cannot fulfil the third con- 
dition of chemical combinations — namely, the equili- 
brium of heat. For we have most distinctly seen 
that three things are necessary for chemical com- 
binations — viz.. Difference of heat. Heat changes, and 
finally Heat Equilibrium ; that is, tlie assumption of 
equal heats in their compounds by iugredieuts. 
Without the complete and perfect concurrence of 
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these three conditions, no chemical tmion can ever 
take place. 

Now the metals, say aluminum and hydrogen, haye 
clearly sufficient difference between their chemical 
o make them mechanically attract, and both have 
13 enough to change forms ; hut hydrogen and 
aluminum cannot assumeequalcondifcionalheata; there 
is no equilibrium of heat in any allotropy that the 
two can together take ; there is no good fellowship 
in any of their heat shapes. And besides, between 
hydrogen and the other metals there does not exist 
the great heat contrast of conduction and non-conduc- 
tion of heat. But in order to see plainly the inequa- 
hty of the combination allotropies or heat shapes of 
hydrogen and the other metals, let us very briefly ex- 
amine the heat shapes that hydrogen seems capable 
of assuming in its varied compounds, recollecting 
always that hydrogen is the hghtest of substances, 
having the smallest of atomic weight, and the very 
highest of conditional heats, and accordingly prepared 
to find traces of this great heat throughout most of 
hydrogen's glowshapes or allotropies. In combina- 
tion with oxygen in water, the allotropy of hydrogen 
is fluid, and a fluid of very great solvent powere. 
With chlorine and its allied groups of metalloids, 
the heat forms of hydrogen are gaseous, as also 
with sulphur, phosphorus, etc. With oxygen and 
carbon in organic chemistry, the allotropies of hydro- 
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show no similarity to those of the metals. 
Examining now tlie allotropies of the metals in com- 
bination, we find them, as a rule, very different indeed 
from those of hydrogen. With oxygen the metal's 
heat shapes are sohds, some of which, as lime and 
yttria, are utterly infusible, and many are insoluble 
and badly fusible. The combination allotropies of the 
metals with chlorine partake also more or less of the 
same nature. So that it would seem that this marked 
difference in their combination allotropies, aided per- 
haps by the absence of the lieat contrast of conduction 
and non-conduction of heat, impedes the union of 
hydrogen with the metals. But it is interesting to 
note that ready volatiUty in cei-tain metals seems to 
enable them to give allotropies to match those of 
hydrogen, and therefore fits them to enter into chemi- 
cal combination with hydrogen, as happens with 
arsenic and antimony. And it is worthy of note also 
that in these metals, arsenic and antimony, the heat 
contrast of conduction and non-conduction of heat 
also, to some extent, occurs. Chemical combinations 
seem therefore much more complex than was sup- 
posed, and are not to be clearly and satisfactorily 
explained by the somewhat -vague terms of chemical 
affinity or attraction. Chemical combination, it must 
ever distinctly be borne in mind, consists in mechani- 
cal atti-action, it is true, but also in transformation 
and heat eqiiilibrium. And it is not every s 
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that possesses the capabilities of completely and 
easily fulfil] ing all these three rather complicated and 
inexorable conditions. 

Oxygen alone seems to be thus happily consti- 
tuted ; oxygen is very thermic ; I take it that oxygen 
is the most thermic element but two, nitrogen and 
hydrogen. Every element except flnorine ia known 
to combine with oxygen. For oxygen's heat fits it 
admirably for chemical transformations, and oxygen'B 
allotropiea are thus marvellous. For oxygen oocit- 
pies, as far as we can by our axioms judge, the 
middle place among the most thermic elements in 
the following order : Hydrogen, Nitrogen, Oxygen, 
Chlorine. Hence oxygen's conditional heat, weight 
and atomic weight, are such as at once suit both the 
heat properties and allotropiea of the most thennjo 
and athermic elements. In oxygen, and in oxygen 
alone, are thus united in the greatest perfection the 
properties and powers of a puissant chemical 

Of the three unliquefled elements, nitrogen is the 
most peculiar and the most difficult perhaps to 
understand. We require, therefore, to inspect with 
care and minute attention the heat properties of 
nitrogen, as compared with those of its two brother 
thermic elements, oxygen and hydrogen. Of these 
three we have often observed that liydrogen is the 
most thermic in all respects. For hydrogen is the 
lightest, its weight being 0'0692, and has the amalleat 
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; weight, its atomic weight being 1, and it is 
doubtless the farthest ffom hquefaction, inasmuch as 
hydrogen is the least soluble in water of these three 
gasea Nitrogen conies next, for nitrogen is next to 
hydrogen in hghtness, haring 0*9713 as its weight ; 
next to hydrogen in atomic weight, for nitrogen has 
14 for its atomic weight ; and in all probabihty next to 
hydrogen in conditional heat, for nitrogen is soluble 
in 50 parts of water. Oxygen comes last, for oxygen 
is 1'1057 in weight, and has 16 for its atomic weight, 
and is soluble in 25 parts of water. But when 
we reflect that nitrogen has but a -j^ of the specific 
heat of hydrogen, and many times the specific 
gravity of hydrogen, we at once perceive that nitro- 
gen is a very cold grained and atomed substance if 
compared with hydrogen. And further, nitrogen does 
not conduct heat. So that it is a far greater feat for 
Heat to raise such a cold grained substance as nitrogen 
to the conditional heat pitch that nitrogen has, than 
for Heat to raise hydrogen to the heat pitch that 
hydrogen has ; in other words, hydrogen conducting 
heat, and already hot grained and atomed, is not so diffi- 
cult to heat up as nitrogen, which is comparatively 
cold grained and atomed, and does not conduct heat 
Viewed in this manner, nitrogen becomes in some 
sense comparatively the most thermic substance in 
the world. In fact, everything indicates an intense 
attraction for heat on the part of nitrogen, for it 
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exists almost unchangeable in the most thermic' 
states in tliis planet as four-fifths of our atmosphere. 
Moreover, we see that nitrogen parts with the 
principle heat with extremest reluctance. For ex- 
ample, the compounds that nitrogen forms with 
oxygen, and in which nitrogen at all preponderates, 
as in NgO and N"0, the protoxide and deutoxide are 
all very thennic ; and it is only when the oxygen part 
of these nitrogen compounds begins decidedly to pre- 
ponderate, aa in N^Oj, N^O^, N^Oj, nitrous acid per- 
oxide and nitric acid, that nitrogen is forced, dn^ged, 
overborne by its partner oxygen, to the assumption of 
athermic forms. If, therefore, nitrogen is so fond of 
heat, we would expect that it should attract again 
any heat parted with, particularly if it be a com- 
paratively small amount, with extreme violence. 
And this we seem to see in some of nitrogen's very 
explosive compounds. In fact, nitrogen acts by 
heat as carbon acts by cold. , Nitrogen is very caa-. 
ditionally thermic in spite of comparative atomic 
coldness, and carbon is very conditionally athermic 
in spite of atomic heat; and it is interesting to 
remark that it is with very atliermic carbon that 
the heat of nitrogen is balanced, and a strai^, 
gaseous compoimd produced, presenting all the cha- 
racters of an element of the metalloid or thermic type, • 
that is cyanogen. It ia also most noteworthy that 
this very thermic substance, nitrogen, enters largely 
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into the formation of organic lieings, and all the 
more lai^ely as the complexity and high develop- 
ment of grade of these beings increases. And also 
that nitrogeD is a conspicuous element in some of the 
most deadly and dangerous of poiaona. It is further re- 
markable that in organised structures the veiy thermic 
substances, nitrogen, hydrogen, and oxygen, all occur 
in forms much leaa thermic than when free, the action 
of organised tissues being to extract heat from its 
storehouses, these thermic substances, for the purposes 
of life, the heat of life. So that these hot elements, 
hydrogen and nitrogen and oxygen, are more related, 
as it were, to life, nearer to life, or, so to speak, more 
aUve, than the colder elements, such as platinum, 
etc. 

The heat properties, that is weight and specific 
heat, in oxygen and nitrogen are very similar, and both 
do not conduct heat, and both are veiy conditionally 
thermic, and this similarity of chemical heat prevento 
completely a violent mechanical attraction between 
the two ; that is, free oxygen and nitrogen must per- 
form very badly the first step in chemical combina- 
tion, that of mechanical attraction ; and hence it 
arises that these two gases remain mixed in the 
atmosphere without any attempt at chemical com- 
bination, — they have not the necessary mechanical 
attraction for combination — they cannot take even 
the first step towards combination. 



C2 



EAETUS ATMOSPUEKE. 



It is little use to present to them an athermic ob- 
ject, as we did to hydrogen and oxygen, for they do 
not conduct heat; nor does nitrogen wish to.discharge 
much heat when it combines with oxygen to form its 
protoxide and its deutoxide — the former being a ther- 
mic gas very difficult of liquefaction, and the latter 
still unliquefied. And it is only, as we have said, 
when nitrogen's nature is, as it were, so far modified 
and overmastered by a great excess of the more heat- 
plastic oxygen, that nitrogen assumes the solid form 
in nitric acid anhydride. So that nitrogen only dis- 
charges heat when rtiixed with a lai^e excess of oxy- 
gen ; hut then in the atmosphere it is just the re- 
verse, for there is a very large excess of nitrogen 
compared with the oxygen. 

So that we thus seem to have some explanation 
of the stability of the composition of our atmosphera 

The thermal properties of nitrogen, as far as 
known, place nitrogen between oxygen and hydrogen 
in the heat scale. 

So that nitrogen ought to have, on the one hand, 
some of the characteristics of oxygen and its com" 
pounds, and, on the other hand, some of li* 
chemical characteristics of hydrogen and its com- 
pounds ; and this seems in a measure to be the case, 
for the heat shapes of nitrogen are somewhat like 
those of hydrogen in indicating heat concentration^ 
as in the deutoxide of nitrogen, cyanogen, etc.; while 
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a few of the nitrides are like the oxides, as the 
nitride of titanium, in which nitrogen has been got 
to lose 30 much of beat as to render it difficult for 
nitrogen agaia to regain such a quantity of heat ; 
and hence these nitrides are stable. Some of the 
nitrides are explosive : an explanation of tin's , in 
addition to the one already broached, of the strong 
heat attraction of nitrogen, particularly when the 
heat loss has been comparatively small, may be 
attempted in the following mamier ; — 

In the explosive nitrides, nitrogen is of course 
aUotropic. Now, if we obsei've the nature of the 
allotropies of simple bodies, we find that they vary- 
greatly in stability. Thus, the allotropies of carbon 
are not more remarkable for their great physical 
differences than for their great permanency or sta- 
bility, and this it would seem they owe to the great 
conditional athermism of earboiL It is not so with 
allotropic red phosphorus, which is apt, on a sudden, 
and without known cause, to assume, often with 
explosion, the more common unaDotropic form of 
phosphorus. Again, if the surface of the needle-lihe 
crystals of the second variety of allotropic sulphur 
be merely scratched, these crystals lose at once their 
allotropy, and pass into conmion unallotropic sulphur. 
So that, as we have said, there exists in the allo- 
tropies of simple bodies considerable variety in 
stability, even mechanical causes sufficing, in some 
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inBtances, to destroy certain allotropies, such 
of sulphur. It ia reaaonable to suppose that among 
the combinadon allotropies of bodies there may be a 
like variety in staliility, and that nitrogen's combina- 
tion allotropies are of the nnstable kind, which they 
seem to owe to the very great heat attraction of 
nitrogen. 

"We shall now proceed to study most liriefly the 
thermica of the gas chlorine, as being in conditional 
heat the very next to the gas oxygen. But chlorme, 
though next to oxygen, is athermic when compared 
with it, for while oxygen is unUquefied, chlorine liquB- 
fiea easily at four atmospheres' pressura Chlorine 
combines with moat of the elements, and with some 
of the metals more readily than oxygen itself, and yet 
we cannot allow that chlorine has more mechanical 
attraction for the metala than oxygen has. Chlorine, 
indeed, must have less than oxygen has, for we have 
seen or assumed that mechanical attraction depends 
on the extent of the heat gap or difference between 
bodies. The wider the heat gap the stronger the 
mechanical attraction. Kow, between chlorine and 
the metals this heat gap ia much less than that 
between oxygen and the metals, consequently the 
mechanical attraction between oxygen and the metals 
must be greater than the mechanical attractioa 
between chlorine and the metals. The undoubted 
advantage over oxygen that chlorine has in attacking 



THEBMICS OF CHLOEINE. 



65 



chemically certain metals depends not oq chlorine's 
superior mechanical attraction, but on chlorine's 
greater facility of form change, seeing that chlorine, 
being nearer liquefaction, is nearer form change, for 
the gas chloiine, hecauae it ia comparatively more 
athermic than oxygen, has not such a downward 
heat leap to take when chlorine assumes its metallio 
chloride allotropy, as osygen has when oxygen passes 
into the correaponding metallic oxide aUotropies ; in 
other words, free chlorine's form is liker chloride 
chlorine's form than free oxygen's form ia like 
oxide oxygen's form. Chlorine, therefore, has this 
very considerable advantage over oxygen, that 
chlorine's second step in chemical combination with 
some metals is easier than oxygen's, and chlorine in 
consequence attacks chemically those metals better 
than oxygen does. Of the three elements, nitrogen, 
oxygen, and chlorine, chlorine must have the greatest 
mechanical attraction for the metal hydrogen, for the 
heat gap or difference ia wider between chlorine and 
hydrogen than between nitrogen and hydrogen and 
oxygen and hydrogen; and as there further exist 
excellent capabilities in both chlorine and hydrogen 
for performing the other conditions of chemical com- 
bination, and withal the heat contrast of heat 
conduction and non-conduction, the chemical affi- 
nities of chlorine and hydrogen are powerful 
^L In studying the chemical behaviour of these three 
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most important metalloids, cUorine, nitroj 
oxygen, we must bear in mind that between 
the three does there exist the beat conductic 
non-conduction contrast, and this greatly influenoes 
their cbemical act? ; for it seems to me quite conceiv- 
able tbat, if in chemical combination one of the 
combining bodies conducts heat, we should find 
the beat discharges then taking place more quickly 
and more completely, we should expect in these 
cases greater and easier heat losses or heat changes; 
and this we find to be generally the case, for chlorine 
loses or discharges much more heat when it com- 
bines with an atom of a heat conducting metal such 
as potassium, etc., than when chlorine unites with an 
atom of oxygen, a non-conductor of heat, for chloride 
of potassium is much colder than chloride of oxygen 
(CIO.), tbat i.s, hypocblorous acid ; and not only tliflt, 
but tbe metallic chlorides shall be more stable and 
more changed or transformed than the metalloid 
chlorides, because chlorine, having lost a good deal of 
heat in its metallic chlorides, is more altered in form, 
and cannot so easily regain this heat ; and chlorine, 
having l^st but little heat in its metalloid cbloridea, 
chlorine is less altered in form, more easily regaiM 
that beat, and with tbe heat its elementaiy or free fonn. 
The tbermics of phosphorus are of profound 
interest, Irom the clear and incontrovertible waythflt 
the phosphoric allotropiea prove the influence of 
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Phosphonia exists in several allotropies, and if 
we contrast thermally the common or waxy phos- 
phorus with the red amorphous aHotropy of phoa- 
phoms, we find waxy phosphorus weighs at 50° 
1'83, and that it melts at 115°. Eed phosphorus, 
however, weighs 214, and melts at 600°. We 
have, therefore, the red phosphorus less thermic in 
condition and grain than waxy phosphorus. We 
have allotropy coohng down for us red phnaphorua, 
13 we saw Schrotter coohng down antimony, and, as 
we might expect, with analogous results ; for while 
sonditional and grain hot, waxy phosphorus takes 
Sre, that is, combines chemically with ease when 
fieated hut slightly ; the conditional and grain-cooled 
fed phosphorus must he heated to 500° before it 
ihows the least chemical activity, or takes fire, or 
combines with oxygen. And the same thing happens 
with the allotropies of various suhstances. as selenium, 
iilicon, etc etc. So that we have the change in weight 
md fusion point of a substance — that is, the change 
af the thermics of the same identical substance — 
phosphorus completely altering the chemical beha- 
viour of that substance. In what do common and 
the amorphous phosphorus differ hut in weight and 
In fusion point 1 But weight and fusion point indi- 
cate chemical heat, if our axioms he true. Ked and 
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common phosphorus, therefore, differ in this, that the 
red is athermic and the common phosphorus is chemi- 
cally thermic, and, being so, we find the more thermic 
form of phosphorus the more chemically active of 
the two. 
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CHAPTEK VI. 



HwE thus begin to leam how important in chemistry 
nmst the cooling or athermizing of chemicals ba "With 
the heating of chemicals, chemists are immemorially 
and abundantly familiar ; but to the effects of ather- 
mizing, chemists do not seem as yet to be suflciently 
alive. But, paradoxical as it may appear, we must yet 
acknowledge that we do not always make chemicals 
conditionally more thermic by heating them. You 
may, on the contrary, make them conditionally less 
thermic by heating them. What you are almost 
sure to do by heating chemicals is, to make them 
change sliapes or form ; and sometimes your heat- 
ing will change the chemicals heated into athermic 
forms, as happens with the metals and oxygen As 
iappens, indeed, with common phosphorus, which, 
from moderate but prolonged heating in inactive 
gases, changes shape, as we have just noted, from a 
thermic to an athermic form — changes from waxy 
phosphorus into the red phosphorus. 

It is no doubt strange that phosphorus, by being 
i for 48 hours moderately, out of contact with 
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air, should be made to discharge heat — shoul 
made actually chemically less thermic; but this, 
though Btrauge, is far from being unique in chemistry 
— far even from being exceptionalj but, on the con- 
trary, common. 

Thus, you do not make oxygen and hydn^ai 
more thermic by heating them together. Tou make 
them less thermic, for you turn these gases into 
liquid when you heat them. You do not nialte 
liquid mercury and gaseous oxygen more thermic by 
heating them together ; you, on the contrary, make 
them both sohd and less thermic than they were 
before you heated them together. 

The modifications produced by athermizing in 
chemical combinations are very striMngly seen in the 
influence of that veiy athermic metal platinum, on 
very many occasions, I hold that athermic platinum 
very often influences chemical actions by athermic 
platinum's great powers of heat attraction, and by its 
very pronounced coohug or atliermizing effects. Tbia 
athermizing effect of the metal platinum we have 
already observed in the instance of hydrogen com- 
bining with oxygen to form water. Other similar 
examples abound in chemistry. Thus, two very 
thermic gases, deutoxide of nitrogen and hydrogen, 
ths former of which liquefies at 50 atmosphere^ 
pressure, and the latter is unhquefied, wish to form 
the athermic gas ammonia, that liquefies at 6 atmo- 
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spheres' preasnre ; and it is clear that these two 
thermic gases must lose heat in so forming ammonia, 
and platinum, with its powerful heat attraction, with 
its strong athermizing effects, helps them as no other 
reagent can ; and in the presence of this athermic 
platinum, the two aforesaid thermic gasea, deutoxide 
of nitrogen and hydrogen, readily form the less ther- 
mic gas ammonia. It is, therefore, when bodies are 
passing from thermic to athermic forms that ather- 
mic platinum can most characteristically favour the 
chemical action. By the cooling athermizing effects, 
by the heat attraction of cold platinum, athermic and 
solid carbonate of ammonia is elaborated from the 
very thermic gaaes deutoxide of nitrogen and defiant 
gas ; — athermic cyanide of ammonium from thermic 
gaseous hydrogen and cyanogen ; — athermic sulphuric 
acid from gaseous sulphurous acid ; — athermic liqne- 
fiable carbonic acid from unliq^uefied carbonic oxide ; 
and so forth. This remarkable property of platinum 
depends on platinum's being an excessively chemi- 
cally athermic metal in every respect, and will be 
consequently shared with platinum by all the ather- 
mic metals, according to their pitch of athermism. 
Bat as platinum is, among metals, about the most 
athermic, it must enjoy this heat-attracting pro- 
perty in a pre-eminent way. But it is evident that 
any substance that will tend to make platinum 
lose or repel heat, will destroy the heat-attracting 
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property of platinum under consideration. Now, 
hydrochloric acid will do this, by causing platinum 
to wish to become, or to become, a chloride ; that is, 
to lose or repel heat, instead of attracting it ; and 
this explains why the presence of hydrochloric acid 
destroys for the time platinum's heat-attracdng 
powers. 
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CHAPTER VII. 



E have now pretty often, in t!ie pages of this 
say or diaquisition, mentioned the third step in 
lemical comhination— namely, the assumption in 
impounds, by their ingredients, of equal or like 
iata. And I think it now high time to examine a 
ttle more narrowly this most interestingphenomenon, 
nd, first, let us study the successive steps during 
lemical combinations that lead iinally to this heat 
luilibrium — to this assumption of equal or like heats. 
Carbon and sulphur are powdered, mixed, and 
eated. Now sulphur and carbon have each a dif- 
-rent conditional and specific heat, and unequal 
owers of heat conduction, and the strength of their 
'echauical attraction depends on this difference in 
leir heats. The carbon and sulphur are heated, and 
'^ heating must, for a short time, aggravate their heat 
ssimilarity, that is, increase the mechanical mutual . 
*^ction of carbon and sulphur, so that the ulti- 
*te molecules of sulphur and carbon are, by the 
^ting, drawn into the closer juxtaposition, and, 
^g in contact, there is a direct and ready trans- 
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mission of heat between tlietn, the athermic takii^ 
gradually the heat of the thermic ; and from the doae 
propinquity of their particles, even any external heat 
reaching the carbon and sulphur comes eventually to 
be shared equally by both, to be equally spread over 
both ; and this must gradually modify the heats of boti 
sulphur and carbon, until the two get equally hot « 
thermic. But to get equally thermic, carbon and ml- 
phur must have altered very much, and thus a new Bub* 
stance is formed — the bisulphide of carbon. For there 
has resulted from constantly augmented mechanical 
attraction a thorough mixture of two substances, 
carbon and sulphur having, because of their mutual 
heat discharges and absorptions, an equal and new 
beat, and consequently a new aspect. So that it is a 
siTie qua non of chemical union that united ingredients 
shall have equal or lite heats. "Whatever difference 
may have existed in the conditional heats of oxygen 
and hydrogen before combination, after union, in 
water, the conditional heats of oxygen and hydrogen 
are the selfsame. The two elements, oxygen and hydro- 
gen, allotropically mixed up in their compound water, 
must do and suffer thermally everything in common; 
they must solidify, melt, vaporise, in common ; heal 
applied to water will affect the two, oxygen and hydro- 
gen, equally and alike. But a very important concluflion 
flows from this conditional heat equality of ingredients 
of compounds, and it is simply this — that between 
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ceilientsof chemical compounds there can no longer 

) any more mechanical attraction ; there must, in- 

[, he the reverse of mechanical attraction, there 

iBtbemechanicalEEPDLSiON. For.if we assume that 

■was mequality in the heats of oxygen and hydrogen 

lat made them attract to combine, equaHty in the 

»ts of oxygen and hydrogen, when they have com- 

ined, wiU produce an opposite effect, will make 

mbined oxygen and hydrogen repel each other. 

D that between oxygen and hydrogen existent, com- 

i in water, there is not the slightest mechanical 

iction, nay, there is a mechanical repulsion. 

"We have argued all along that heat inequality 

iduces mechanical attraction in chemistry, Heat 

lity is the opposite of heat i?iequality, and, 

re, heat equality must produce effects opposite 

s of heat inequality, heat equality must pro- 

i mechanical repulsion. But what then keeps 

^gen and hydrogen from separating in their com- 

ind water, since, far from having while in water 

f mechanical attraction for each other, these two 

ments have actually a repulsion ? 

It is simply this, that to become again disunited 

; anndered from their unwilling juxtaposition in 

—that is, to appear again to us with their 

I familiar faces — oxygen and hydrogen must get 

: the enormous heat that these two elements 

s lost in combining to form water. No easy task ! 
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Fancy the terribly concentrated heat of the oxy- 
hydrogen hlow-pipe, produced by the formation ot a 
few drops of water, by oxygen and hydrogen ; where 
in nature shall the oxygen and hydrogen of these 
few drops -of water thus formed readily find again 
this great heat that they lost, hut which they mnat 
regain, in order to re-acquire their pristine gaseous 
forms ? For it is evident that the heat that was liBt 
by water's ingredients must again be restored 
these ingredients before they can cast off their water 
allotropies, and appear in their gaseous, elemenlaiy, 
naked shapes. The great dilBculty of obtaining this 
immense heat is one of the chief reasons why water 
is a very stable compound. And the proof of this is, 
that let this concentrated heat, and nothing but this 
heat, be again given to hydrogen and oxygen of 
water, by plunging into water a piece of platinmu, 
incandescent by the current of a galvanic battery, or 
melted by the oxy-hydrogen blow-pipe, and the 
mutual repulsion of that water's components, oxy- 
gen and hydrogen, is at once apparent, for thej 
quickly separate, and take their gaseous forms, and 
water is, as it is termed, decomposed by the unaided 
heat of incandesce ut platinum. 

"We hold that combined oxygen and hydrogen, 
in the allotropy of equal or like heats in which 
the two exist in water, repel each other ; bat whi*. 
is the cause of their repulsion ? It is their equal M 
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ike heats. Infcenaify tMs lieat by heating greatly 
lombined hydrogen and oxygen, and you must 
hereby intensify the repulsion between combined 
lydrogen and oxygen until the repulsion becomes 
leparation. So that this intense heat in the pla- 
inum, incandescent by a battery, has two effects, 
ffhen it decomposes water : this heat in the platinum 
ncreases first the already existing repulsion in water's 
ngredients, oxygen and hydrogen ; and, secondly, the 
lame heat transforms these same ingredients frora the 
Ltbermic liquid form to the thermic gaseous shape. 

Again, let us take mercury, and heat it up to a 
iertain pitch, and mercury's conditional heat reaches 
ts discharging point — that ia, mercury loses heat, 
ind attracts and combines with oxygen, and then 
)oth oxygen and mercury assume their combination, 
iolid form, and equal or like heats, and therefore 
:epel each other. 

What, then, keeps mercury from sepMating from 
jxygen, wlule it exists in mercurial oxide ? 

It ia a similar cause that kept unwilling oxygen 
md hydrogen together in their compound water. It 
IB, that to become disunited combined mercury and 
oxygen must obtain again the heat that the two have 
lost in combining. And as this heat is much less than 
that in the case of oxygen and hydrogen, it is easier 
to do. Give mercury and oxygen of the oxide this 
heat, continue to heat the mercurial oxide strongly. 
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and jou ^ain, by means of the increased lieal^ 
separate the oxygen and mercury, making than 
resume their usual elementary teireatrial aspects. 

The loss, the gain, the transference, the equili- 
brium of conditional heat, seem most satisfactorily to 
explain all these complex and seemingly highly con- 
tradictory phenomena. 

Reasoning from these two inatnictive cases, we 
must conclude that every metallic oxide is re- 
ducible by heat alone, and unaided, provided of 
course the heat be strong enough. The metaUic 
oxidea more difficult of reduction, those of the chemi- 
cally thermic metals, such as potassa, soda, etc, 
requiring, as we shall find, for this purpose the 
fierce and greatly concentrated heat of the voltaic 
battery. For of course the more thermic a metal is 
the more heat it will require for its reduction, and the 
less it is in the nature of such metals to attract heat: 
their nature, as we have seen, leading them to dis- 
charge or repel heat far more than to attract it ; hence 
the difficulty of their deoxidation or reduction. But 
we must farther recollect that the difficulty of the 
reduction of metallic oxides by unaided heat is greatlf 
enhanced by the fact that the metals, in their oxide 
allotropies, no longer conduct heat. 

But the very thermic metals — that is, those difficult 
of reduction — are seldom in practice reduced byheit 
alone, for it is easier, and vastly more 
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tace them while assiatmg the ever-indispensahle 
leat by other reactions. Thus sometimes the help of 
lydrogen is chosen for this pni'pose. When hydrogen 
Lssists in decomposing the oxide of iron at high tem- 
jeratures, we may perceive the following phenomena : 
— The iron and its oxygen, aa they exist in oxide of 
Ton, have the heat of equilibrium, have like Leata, 
ind therefore the iron and the oxygen in the oxide 
)f iron are repelling each other. This oxide of iron 
is heated in the presence of hydrogen ; we have thus 
in action four substances — namely, oxygen, iron, 
hydrogen, and the beat in which the three chemicals 
are bathed or heated. Of these four substances the 
ii-on repels its partner oxygen, for these two are in 
combination, and have thus bke heats ; hydrogen, 
however, attracts the oxygen, for the free hydrogen 
has unequal heat to that of oxygen ; and, finally, the 
heat in which the oxygen, iron, and hydragen are 
heated, has the effect, as we have seen, of intensifying 
or making greater the repulsion of the iron for its 
partner oxygen, and the attraction of hydrogen for 
the same oxygen. It follows, then, that in tliis case 
iron will separate from oxygen, for the iron is driving 
away the oxygen, and hydrogen is also dragging the 
oxygen away from the iron, so that the oxygen yields 
to these two forces of iron repulsion and hydrogen 
attraction, and passes to the hydrogen attracting it. 
Fcr salium, therefore, hydrogen loses conditional 
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lieat and takes the oxygen of tlie iron oxide, 
of which simultaneously attracts the lost heat 
hydrogen, and by absorption of this heat the* 
undergoes the metallic transformation — that 
comes reduced or free. Hydrogen and i 
places. The hydrogen frees the iron from its repellant 
captivity, and goes into thraldom itself in iron's stead. 
Eat strange, and yet necessarily, the iron, the very 
moment it gets fi-eed, actually longs again for ita old 
bonds, and is quite ready, if you give it the means 
you gave to hydrogen, to free the now imprisoned and 
oxygen-repelling hydrogen, precisely as the iron itself 
was freed. For free iron, at a red heat, easily takes 
the oxygen from the hydrogen combined with it in 
the vapour of water ; for it is clear that in the last 
■ case the attraction is reversed, and it is now the free 
iron that attracts the oxygen, and the combined hydro- 
gen that repels its partner the oxygen of water — the 
oxygen attraction is now with the free iron, the 
oxygen repulsion is with the hydrogen united to that 
oxygen in water. 

So that, when hydrogen reduced the iron of the 
oxide of iron at high temperature, it is not because 
hydrogen has a greater unvarying attraction or 
affinity for oxygen than fron has, but the attraction 
that exists in these circumstances between hydrogen 
and oxygen is quite a mechanical attraction, caused 
by inequahty of conditional heat) which attraction 



IN CHEMISTRY. 81 

hydrogen, and indeed all chemicals, lose by the loss 
of that heat inequality, and which selfsame attraction 
iron at once gains, when iron, or indeed any chemical, 
acquires the heat inequality. And this leads us 
naturally to ask in what then consists true chemical 
afi^ty? 
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CHAPTEE VUL 

Natuee seems to me to have divided the chemical 
elements into three great classes, and to have bestowed 
on each of these classes its own peculiar chemical 
properties. 

The first class includes — 

The elements that have great chemical might, or 
power, or craft, or, better still, shapecraft — such as 
oxygen, hydrogen, carbon, nitrogen. 

The second great class includes — 

Tlie elements that have great chemical activity— 
as potassium, sodium, etc. 

The third great class includes — 

The elements that are truly negative — ^that is. 
that have neither shapecraft nor activity — such M 
platinum, gold, etc. etc. 

So that I rank oxygen, hydrogen, and carbon, 
wedded to heat, as the first and noblest kind of 
matter in the domains of chemistry, as the veiy 
f,Teat6st of chemical substances, as having the most 
chemical might or Bb.ipecraft, the true crowned 
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of chemiatiy. In carbon and oxygen, in 
carbon and hydrogen, there exists complete aptitudes 
for perfectly and easily performing the three indis- 
pensable requisites of chemical combinations. The 
heat-gap between them is the widest that exists, and 
therefore their mechanical attraction, that important 
step in all chemical combination, is the strongest 
in chemistry. The heat latent in the recondite 
■ultimate recesses and molecules of each and all of 
them, is such, that to them Morphigcnmis is child's 
play. And, consequently, their simple and com- 
bination allotropies, ' or glowshapes, range from 
the greatest of terrestrial cold in the diamond and in 
yttria, to the greatest of heat in free hydrogen. 
Ascent and descent of the whole extent of the 
terrestrial heat scale is alite easy to them. Hence the 
miraculous infinitude of their compounds in oi^nic 
and inorganic chemistry. So that, were a definition 
of the most perfect true chemical affinifcy asked, the 
answer would be, that it was that which exists 
between carbon and oxygen and carbon and hydro- 
gen ; and finally, that which exists between the 
whole three — carbon, oxygen, and hydrogen. 

For carbon, I repeat, is conditionally by far 
the most athermic of the elements, and oxygen 
is all but the most thermic ; hence oxygen and 
carbon have intensely opposite states of heat, 
which makes the mechanical attraction between 
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carbon and oxygen of the strongest and most 
perfect kind. Purther, tlie allotropies of oxygen 
and carbon are well matched, for both these ele- 
ments show kaleidoscopic plasticity in the creatiye 
hands of heat, an inimitably great ahapecraft For 
oxygen appears in this planet in every shade of com- 
bination allotropy, starting from the very thermic 
shape of unliquefied gaa, as in dentoxide of nitrogen, 
and reaching to an utterly infusible atherraic sohd 
state in the oxide of calcium or lime. And between 
these very thermic and very athermic shapes, oxygen 
occurs in ahnost every conceivable state of heat. To 
oxygen is the ascent or the descent to and from the 
very opposite extremes of the heat scale alike easy. 

Carbon's allotropies, or heat-shapes or glow- 
shapes, also start from the lowest state of terreafcrifll 
cold, in the utterly infusible and insoluble diamond, 
and attain the very thermic degree of unliquefied gaa in 
carbonic oxide ; and between these very thermic and 
athermic 'states carbon is also found in every imagin- 
able heat-shape. So that ascent and descent of the 
heat-scale is equally easy to carbon. So that attraction, 
heat transformations, and heat equihbrium betweMi 
carbon and oxygen exist in the utmost excellency 
and these two have the most consummate chemical 
aptitudes and true affinities. No other substance has 
such an extreme range of allotropies as carbon and 
oxygen have. Hydrogen comes next, but hydrogen 
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s a heat-conducting metallic snletance, so extremely 
thermic in everj- respect — ^by condition, by weight, and 
specific heat — that hydrogen never seems able to as- 
sume ntter athermism and ntter infuaibility, as carbon 
and oxygen do. But this by no means unfits hj-drogen 
for the part it has to play in organic chemistry, for 
great athermism is unnecessary in hydrogen's organic 
allotropies — nay, great athermism might he incom- 
patible with organised life ; and it may be saggestive 
to note that there exists, forming part of highly 
complex compounds of living beings, at least one ele- 
ment — hydrogen — that is not only the most thermic 
known, hut that is also loath to part with its entire 
heat — whose heat, or whose heat-life, it is very 
difficult to extinguish But between utterly iofiisible 
carbon, conditionally the most athermic of the ele- 
ments, and the utterly unliquefied gas, hydrogen, the 
most thermic of known bodies, there must exist the 
widest of hea^gaps, the greatest of heat-difference, 
and, if our speculations be true, the very strongest of 
mechanical attraction in chemistry. As to the other 
heat properties of hydrogen and carbon, they har- 
monise so well that the allotropies of carbon and 
hydrogen easily dovetail into each other and equi- 
Hbrise. So that the true chemical affinities of carbon 
and hydrogen, within a certain but extensive heat- 
range, are far greater than even those of oxygen and 
curboa. 



I 
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But when these three chemicals — oxygen, hydro- 
gen, and carbon — unite their powers, there results the 
wonders of the compounds of the vegetable world. 

I call potassium chemically active, because pot- 
assium's chemical acts are violent and energetic, bo 
much so that potassium cannot exist, even for n 
moment, in air, without entering into chemical action. 
But to what does it all amount ? Certainly not 
much, Por although potassium and the thermic 
metals are impetuous in their chemical behaviour, 
still they have but little shapecraft, for the com- 
pounds that they are able to make are compara- 
tively few and simple, as appears when yon 
conti-aat the number of the compounds of potas- 
sium with those of the carbon, for then potaasiom's 
meagre list makes a sorry figure side by aide with 
the numberless variety of the organic compounds in 
which carbon essentially enters. 

In fine, potassium's chemical combinations tfe 
startling from their vigour and impetuosity, and ces- 
bon's miraculous in their infinitude. In still shorter 
terms, potassium has great chemical activity, bol , 
carbon has what I shall call great chemical sliflpe- 
craft. 

Platinum, iridium, gold, silver, and the other nobis I 
metals, are notable in general for the difficulty 1*1 
their passing into combination and facility in jbU'M 
ing out of combination. 
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Chemical shapecraft depends upon fully deve- 
loped chemical powers, and must iuclude capabilitiea 
for complying with or overcomiug all the intricacies 
of chemical unions, and infers considerahle atomic 
and grain heats, and, besides, a nicely adjusted 
balance in all the three heat properties, and often the 
co-operative intervention of vital force. 

Chemical activity may result from much simpler 
heat adjustments, may be conferred by mere great 
conditional heat, if not unduly counterbalanced by 
great grain and atomic coldness. Chemical activity 
depends on the active substance being ever ready to 
change form, or prone to take the second step in 
chemical combinations ; hence such elements are 
not easily found uncombined. For great con- 
ditional heat shows in its possessors a proximity 
to form change, while great atomic and grain 
heat show great capabilities for form change ; hence 
what wi!l it avail a chemical, such as mercury, its 
great conditional heat and its consequent proxi- 
mity to form change, if mercury's grain and atomic 
lieats indicate inaptitude in mercury for form change ) 
However near mercury may be to form change, it 
must change but badly if it be almost incapable of 
form changing. It is as if mercury had not far to go, 
but could not walk. 

Carbon's great conditional athermism shows car- 
ooh'b great distance from form cliange, but carbon's 
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great atomic and grain heat sliow in carbon great 
aptitude for form change, bo that carbon changes form 
in spite of its distance fixim fonn change. It ia aa if 
carbon had very far to go, but had likewise great 
strength, wind, and speed. 

The chemical incompetency of negative metals is 
impressed on them by their athetmism; by the 
absence, often almost complete, in their textuWB, 
of the Enchanter — Heat. 

Prom these remarks it becomes evident that of 
all the thi'ee steps necessary for chemical com- 
binations, that of attraction, is, on the whole, 
the least important. For many chemicals, suchfB, 
for example, the noble metals, attract well aud 
combine badly. For attraction in chemistry ia in 
fact mechanical attraction, precisely the same as 
the attractions elsewhere met with, and can tbas 
only cause close juxtaposition of the atoms of attract- 
ing chemicals, and no more ; and but brings those 
atoms thus within easy heat^striMng distance — ths-t 
ia, brings those atoms imder the influence of close 
heat discharges, and facilitates those discharges. 

Attraction in chemistry but produces molecular 
approximations ; doubtless a most important effect- 
But not all the attraction in chemistry, nor in tbO 
universe, can he conceived to elaborate form chang^' 
the sole prerogative of morphigenic heat, the act ttt 
the heat of chemical transformation alone. ^^| 
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To conclude, we find that the patient scratiny 
and careful analysis of chemical action has led to the 
establishment of some simple ideas, or, as I would 
fain say, formulte or laws — namely, that chemical 
action — that is, combination and decomposition — con- 
sists of mechanical attraction, mechanical repulsion, 
inequality, discharge, equilibrium of heat. 

Difference or inequality of heat producing 
mechanical attraction ; equilibrium, or equality, or 
Bimilarity of heat causing mechanical repulsion ; dis- 
charges of heat causing form change or transforma- 
tion, 
j Mechanical attraction existing more or less uni- 
versally among free chemicals. 

Mechanical repulsion existing only among the 
ingredients mixed up in compounds. 

Morphigenic heat discharges being present during 
every chemical action. 



CHAPTER IX. 



We have thus, during the course of thia easayr' 
observed that the conditional beat^ or morpbigemo 
heati or si licet Morphigcn, of eacb element, was 
different from that of the other ; but that, if we 
grouped those chemical elements, they might be 
divided into two sets, a thermic and an atbennio 
set, metals and metalloida, and that these thermic 
and athernde seta mechanically attracted each 
other, and combined ; and that the fii'st series of 
compounds of these groups of simple elementary 
bodies, the acids and bases, also preserved tiia 
character of thermic and athermic, and consequently 
of mutual mechanical attraction and chemical affini- 
ties and activity, — the acids springing mostly from 
the thermic group of the elements, and preserving 
a good deal of the heat of their race intact, — the 
little of tbe tliermic metalloid element that exists in 
a base undergoing thermal degeneration, losing its 
congenital heat in the very act of becoming basic,— 
in assuming its basic allotropy or glowshape. 

K we pursue, as we are now bound to do, the 
investigation of the second series of chemical com- 
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binations, that, namely, occurring between acids and 
bases, we find that this opposite character of thermic 
and athermic disappears in the compounds of acids 
and bases, that is, in salts ; and, with the loss of 
these heat properties, most of the chemical activity 
in Baits, that is the power of forming freah com- 
pounds, is lost also. 

What thermo-chemical phenomena occur during 
the combination of such athermic bases with such 
thermic acids ! 

When gaseous carbonic acid unites with the 
oxide of sodium base, soda, — a aoEd compound, — 
results ; the carbonate of soda and the acid is 
neutralised. Gaseous carbonic acid must have, 
according to our axioms, lost heat, burnt, dis- 
charged heat, in such a combination as the above, 
for carbonic acid has there passed from gaseity to 
solidity, from thennism to athermism, and in losing 
this heat in burning, carbonic acid lost its acidity 
also. 

Again, if hydrochloric acid, which is also gaseous, 
be added to the base, oxide of sodium, or soda, a solid 
compound, is made — common table salt, chloride 
of sodium, and the hydrochloric acid's acidity dis- 
appears. Gaseous chlorine, as existing in hydro- 
chloric acid, in becoming solid in the table salt, has 
passed from theiToism to athermism, must have lost 
nioiphigen,orconditionalheat,andsomust have burnt. 
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In losing, therefore, its acidity, hydrocMorie acid lias 
to lose or to discharge heat, or has to be burnt. 

Again, if hydrochloric acid he added to the carhon- 
ate of soda, we have that carbonate of soda decomposed, 
and its carhonic acid set free as a gas of considMahle 
rarity. But in the carbonate of soda, carbonic acid 
existed as a fixed solid and neutral substance, and to 
have passed from solidity to gaseity, from neutrali^ 
to acidity, the carbonic acid must have gained oi 
absorbed heat ; and this heat the carhonic acid obtains 
from the hydrochloric acid's saline transformatioB or 
combustion, as hydrochloric acid is combining with 
the sodium of the carbonate of soda, or burning, 
and thereby passing from gaseity to solidity, from 
acidity to nentraUty, 

Now, as most of the acids will readily displace 
the carbonic, and, while so displacing it, vrill evolve 
it as gas, it follows that most acids lose, repel, 
discharge heat, hum, when they become neutralised, 
and regain this lost heat when they reassume the 
acid shape, or glow-ahape. 

So that we must conclude, that just as there was 
a latent heat of metalUcity lost and gained in the 
oxidation and reduction of metals, so there exists 
also a latent heat of acidity, lost and gained in the 
neutralisation and recomposition of acids, in the eom- 
buation and reduction of acids. But the combination 
of acids and bases, the acido-basic combustion, unlike 
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e oxy -metallic combustion, is seldom or never cha- 
racterised by tbe appearance of flame, or of even heat, 
for there does not exist in acids and bases so much 
inherent heat as in oxygen and the metals. For a 
base we know to be cold, the base's ingredients having 
suffered complete thermal degeneration in forming 
the base, and even the heat present in the acid being 
less concentrated than the heat of oxygen, inasmuch 
as that heat is spread over more substances than one. 
Moreover, neither acid nor base conducts heat, and 
their combustion always takes place in solutions or 
liquids, it therefore follows that the acido-basic com- 
bustions cannot produce the violent and striking 
heat phenomena of the oxy-metallic burnings. 

We now pass on to scrutinise more closely the 
thermal plienomena occurring when a solution of an 
acid is added to a solution of any salt. 

In these complex reactions of bodies there must 
often occur chemical composition, side by side with 
chemical decomposition, and both these two must, 
therefore, be again thoroughly analysed before such 
reactions can be at all comprehended. 

It must, therefore, be here again repeated that 
chemical combinations consist of mechanical attrac- 
tion, morphigenic heat changes, and finally heat 
equality. "While chemical decomposition consists of re- 
ptdsimi, morphigenic heat changes, and heat inequality. 
' can chemical bodies unite if they do not 
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attract t How can chemical bodies disamt 
separate if they did not repel each other ? 

Composition ia quite analogous to decompositioii, 
but in an inverse sanaa In composition there is 
union, but in decomposition there ia a separation, 

In composition, it has long been admitted, tiere 
ia an attraction ; in decomposition it aeema pe^ 
fectly in reason to hold that the reverse of what 
takes place in composition should occur — ^namely, 
repulsion. 

In chemical union there ia always an attraction, 
but this attraction is merely mechanical, and by itself 
or singly, suffices not for chemical union. There must 
be further the all-important morphigenic heat changes, 
For, as we have already said, the greatest mechanical 
attraction in the universe cannot singly cause chemicd 
action or union. 

It is perfectly analogous with all chemical decom- 
position; in decomposition there must exist mechani- 
cal repulsion, but this singly suffices not ; the veiy 
strongest mechanical repulsion that exists cannot 
singly effect chemical decomposition, there must be 
present also the absolutely necessary morpTiigenic heat 



Having thus broken ground, we go on to observe 
what takes place when a solution of any acid is 
added to that of any salt 

First, the added acid may displace the acid of the 
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salt, provided that the added or displacing acid, in 
undei^oing tlie saline allotropy it must in burmng, in 
order to take the place of the acid of the salt, then 
discharge heat sufficient for the production of the 
corresponding acid allotropy that the displaced acid 
of the salt has to take. In other words, the added 
fi'ee acid may displace the combined acid of the salt, 
if the added free acid, in its salification with the base 
of the salt, or in its combustion, dischaige the neces- 
sary heat for the wMsalification of the combined acid 
of the salt, for the acidifying of the combined and 
therefore allotropically saline acid of the salt. 

jFor we know that the acid of the salt and the 
base of the salt being in union, have like heats, and 
hence mutual repulsion. The acid of the salt repels 
its partner, the base of the salt. But the added acid 
is free, and thus attracts the base of the salt, the two 
having unequal heats ; and therefore, if the added free 
acid can at all fnlfd the other conditions of chemicd 
decomposition — that is, if the added acid can by its sali- 
fication or combustion yield sufficient heat — it will, 
by virtue of its attraction for the base, free, that is 
acidify, the acid of the salt, and get into that acid's place. 

If the displacing acid form with the base of the 
displaced acid an insoluble salt, the chemical action 
will consist quite simply of an exchange of acida by the 
base, and the action will end with the production of 
the new and insoluble salt, which, from its insolubility, 
is thrown out of the field of action hors da coiuiat. 
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The action will be also simple and definitfl when 
the displaced acid is gaseous, as carbonic acid, for tJie 
displaced acid then evacuates the field, leaving it 
entirely to the acid's displacer. 

But matters become very curiously complicated 
when the salt formed by the displacing acid is as 
soluble as the first salt, that is, the salt of the displaced 
acid ; for in that case the displaced acid, the moment 
it is displaced, tends to displace again its displacer, 
for, of course, then the attraction of the two acids is 
reversed ; the displacing acid will, after combiuatioii 
with it, repel the base, and the now free displaced 
acid will attract the base, and the keeping of the base 
by the acids will depend upon the amount of heat 
that each acid loses in combining with that particular 
base, or in burning. If this heat be equal, then tie 
composition of the mixture will be constantly vaiy- 
ing, there will be a constant exchange of acids Ij 
the base. 

K the amount of heat lost by the two acids be 
slightly different, then probably the acid that loses 
most heat in its salification or combustion wiE take 
and keep most base, and the other acid may have a 
smaller quantity. But if the added acid lose rnneh 
more heat than the acid of the salt, then the addej 
acid will take all the base and keep it. 

But the added acid may not have the power, ly'' 
its saline transformations, to yield heat sufficient 
for the acidifying transformation of the allotropically 
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^line acid of the salt, and then, of course^ i 
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composition of the salt will occur; and such an 
added acid is thought and termed a weak one. 

Thus if a hot and not too concentrated solution of 
the borate of soda (botux) be mixed with sulphuric 
acid, the sulphuric acid attracts the soda away from 
the boracic acid completely, and the boracic acid 
remains in solution (as is known by its very peculiar 
action on htmua paper), together with the newly- 
formed sulphate of soda, Nor does the boracic make 
any attempt to get back its soda again. It cannot. 
For any chemical salification or combination that 
boracic acid can undergo (ia solution) with soda does 
not yield enough of heat to acidify the now allotro- 
pically saline sulphuric acid of the sulphate of soda. 
Boracic acid, while in solution, cannot fulfil, with 
respect to the sulphate of soda, all the conditions of 
chemical decomposition. Boracic acid free certainly 
will attract the soda in the sulphate of soda, but can- 
notgive heat by the acid's own combination or saM- 
cation for the acidifying of the sulphuric aeid of the 
sulphate of soda ; boracic acid therefore cannot decom- 
pose the sulphate of soda, but this is said to happen 
because the sulphuric acid has a stronger attraction 
I fci soda than the boracic aeid. But it is not so. 
K By the new theory sulphuric acid and soda have no 
f laechanical attraction for each other, in the sulphate 
of soda they have a repulsion. Consequently, any 
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attraction, even the smallest, that boracic acid 
have for the said soda, will give boracic acid an 
advantf^e in getting possession of the soda over snl- 
phuric acid of the sulphate of soda, if that sulphuric 
acid is repelling the said soda. That the sulphuric 
acid has no real greater attraction for soda, when 
soda is its partner, in sulphate of soda, than &ee 
boracic acid has, is proved by heating the free boiadc 
acid with the sulphate of soda, and then boracic acid, 
that so-called feeblest of acids, readily displaces that 
so-called strongest of acids — the sulphuric of the 
sulphate of soda ! — the sulphate of soda becomes 
the borate of soda, for under these circumstances the 
boracic acid can fulfil all the conditions of chemical 
decomposition. For the free boracic acid attracte the 
soda that its sulphuric acid is repelling, and the heat 
of chemical transformations is furnished artificially. So 
that, under certain heat circumstances, we have the 
acknowledged feeble affinity of the feeblest of acid^ 
boracic acid, easily overcoming the so-called strong 
affinity of the strongest of acids, the sulphuric-— 
heat, and heat unassisted, having given such tetling 
help to the weak that the weak overmastered the 
strong. But in fact there was no affinity or streng^ 
to overcome. The difficulty to conquer was the far- 
wishing of heat for the chemical transformations, or the 
acidifying of the sulphuric acid from its saline coni- 
bined allotropio state into its free and acid state— an , 
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entirely heat difficulty, and thus to be solved by heat 
alone. I i-epeat that these are entirely heat pheno- . 
mena, and not in the least dependent on affinity or at- 
traction between ingi'edients or partners in compounds. 

It seems indeed strange that it does not forcibly 
occur to the mind that as when an acid and a base 
combine each loses completely all its distinctive 
characters, so the acid and base must lose also their 
attraction for each other after their combination. 

Everything in the acid and base is changed by 
their combination, — is as it were reversed ; it eoems 
natural to think that their mutual attraction has also 
changed, or been reversed into repulsion. 

It sometimes happens that a weak acid is placed 
in such favourable heat circumstances as to enable 
that weak acid to displace a very strong acid, even 
without the assistance of the shghteat extraneous 
heat. 

Thus weak tartaric acid wiU. free or displace 
strong sulphuric acid in a solution of the sulphate of 
silver. This supposed weak tartaric acid will take 

(per force the oxide of silver base from the supposed 
very strong sulphuric acid— that is, will decompose 
the sulphate of silver solution. And this simply be- 
cause the tartrate of silver, the result of such a de- 
composition, is insoluble. And this insolubility brings 
it about that in this particular case not only does the 
tartaric acid's salification or combustion afford heat, 
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but also the passage of the oxide of sOver from the 
Bulphuric acid to the tartaric acid affords also heat,fbr 
this oxide of silver passes then from solubility into 
insolubility, from thermism to athermism, and thare- 
fote loses heat. So that in this case we have a double 
discharge of heat — one discharge from the chajiging 
oxide of silver, and the other from the salifjring 
burning, tartaric acid. And thia double amount of 
heat thus discharged, proves in this ease, but not 
necessarily in every ease, sufficient to acidify fte 
allotropically aaUne sulphuric acid ; and thus the 
very weak tartaric acid comes to overmaster tlie 
fluppoaed very strong sulphuric acid. 

So that each acid, in becoming saline or salified, 
seems to burn, to lose its own peculiar amount of 
heat, different from that of every one of its confrim, 
and the acid that salifiea or buma with the discharge 
of moat heat is held the strongest, for that acid will, 
under conmion circumstances, displace all the other 
acids, and wiU. be itself, from the great quantity of heat 
required, undisplaceable by other unaided acids, Bui 
no acid is really inherently strong ; it is alone through 
its heat properties that an acid gets its strength of 
affinity and attraction. Lend these heat qualities to 
the feeblest of acids that exists, and we have just seen 
that the feeble acid will master the strongest : deprive 
the strongest of acids of these heat properties, and it 
becomes weak. 
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That acids lose each a different amount of heat in 
assuming their aaline heat shape — that is, in salify- 
ing or combining with bases or burning — is the reason 
that two salts of different acids decompose each other, 
that a solution of acetate of lead will decompose, for 
example, one of sulphate of alumina. For the allotro- 
pically saline acetic acid, and the saline sulphuric 
acid, are in a different state of heat, and each will thus 
attract the base of the other, while each of course 
■will repel its o\vn partner base. In recapitulation, we 
may say that any acid will replace another in a salt, 
provided the replacer'a salification or combustion will 
yield heat enough for the replaced's acidifying. Any 
acid will displace another in a salt, even when the 
diaplacer's salification or combustion does not yield 
tlie sufficient heat for the acidifying of the displaced 
acid, if this deficiency in the heat be made up by 
extraneous means or concurrent chemical action. No 
acid wiU displace another in a salt as long as the 
would-be displacer acid cannot j-ield by its salifica- 
tion or combustion, or obtain by other means, sufficient 
heat for the acidifying of the acid that ought to be 
displaced, 

Hence any fixed acid, however weak, that can 
bear a sufficient heat without its own decomposition, 
win displace every volatile acid. 

It 13 clear tliat the reasoning that applies to the 
acids will, mutatis -mutandis, apply also to the bases. 
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CHAPTER X. 



We are now fully prepared to understand 
zinc or iron does not, singly and alone, decompoBS 
water. And as this phenomenon haa a remote bearing 
on tlie galvanic battery, wbicb we are about to study, 
we cannot but enter into its discussion and attempt 
its explanation. Water is an oxide of hydrogen— a 
metallic oxide ; a metal, therefore, decomposing 
water must combine with water's oxygen, and 
reduce the water's hydrogen. But to evolve water's 
allotropically liquid hydrogen as gas, to boil water's 
liquid hydrogen requires great heat, and therefore 
good fuel to give this heat. But good fuel means a 
substance having great heat in little bulk — that ia, if 
our axioms be true, a metal near its fusion point, veiy 
light, with strong specific beat. Therefore all the 
metals that can decompose water singly and unaided, 
as sodium, potassium, etc., are good fuel — that is, excel 
in one or more, or all, of the aforesaid heat properties, 
of lightness, great fusibility, great specific heat. Zinc 
or iron, being much less thermic than the above class 
of metals, potassium, etc., is not so good fuel ; and, 
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therefore, when zinc has to decompose water — that 
13, to hoil liquid hydrogen — soma other fuel must he 
burnt with zinc, so as to make the heat produced sufEce 
for the vaporisation of the hydrogen. To the heat, 
therefore, of the zinc comhustiou we add the heat of 
an acid's (the sulphuric) salification, which salifica- 
tion, we have just seen, discharges heat, and is 
therefore a veritahle combustion. And the burning 
of this double quantity of fuel, the zinc and the acid, 
gives heat that suffices to boil the Hquid hydrogen to 
gaa or steam — that is, to decompose water. The 
zinc, as it becomes an oxide, or as it bums, the 
sulphuric acid, as it becomes a sulphate, or as it 
salifies or bums, both discharge heat, and therefore 
there is enough of heat for the bodhig of the liquid 
hydrogen. And thus water can be decomposed by 
united zinc and sulphuric acid, though the water can- 
not be decomposed by zinc alone. 

With iron the proceeding may be more easily 
understood, for the simple heating of the iron suffices 
to enable it to boil the hquid hydrogen— the difficulty 
in the decomposition of water ; for in this case there 
is the heat art gave to the iron, and, further, the heat 
of the iron's own oxidation or combustion, and these 
two heats suffice when one was not enough 

So that, if these views be correct, the best fuel in 

the world ought to be hydrogen, for hydrogen has the 

fceiy smallest of atomic weight, the greatest hghtnesa 
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and the highest conditional heat and heat conduction; 
and that such is the case, that hydrogen is the best 
of fuels, the oxy-hydrogen blow-pipe amply shovs 
forth. 



PART n. 

GALVANIC BATTEEY. 

ECTEOTHEEMOLOGY OF CHEMISTEY. 



CHAPTEE I. 

Ibaye thus, somewhat imperfectly, discussed Heat 

jhemiatry, Thermochemics — first noting heat's 

benoOj then the changes heat underwent, and also 

alterations the heatitself hroughtahout. We found 

I certain modifications in heat produced transfor- 

se marvels of chemistry. Other modifi- 

ms of heat caused chemical activity ; and others, 

, inactivity ; others, chemical shapeeraft ; and 

fc even attraction and repulsion in chemistry were 

oical, and attributahle to heat causes. 

pit is incumbent on us now to pass to the con- 

Heration of other still more remarkable properties 

of this conditional or morphigenic heat, as seen in 

the galvanic battery. 

Taking a common old-fashioned form of the gal- 
vanic battery for study, we find that the chemical 
phenomena going on in any one of its cells are the 
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same as those going on in all the other cells, 
to study these phenomena one cell amply e 
Such a galvanic cell is best composed of zin 
platinum plates immersed in an oxidising fld 
generally water acidulated with sulphuric aoi 
— the pla;tinum and zinc plates being connected^ 
wire attached to their edges above the fluid or % 
of the celL 

In such a galvanic cell what are the ] 



The essential phenomenon in the galvanio ■ 
as admitted by all, is the oxidation of the zinC'B 
because to this oxidation the hesi eleclrida-ns i 
uitimale deedopment of voltaic eleetrieity. 
restrict ourselves, therefore, to this zinc o^cb 
neglecting for the present the influence of t 
tinum plate on such an oxidation — ^taking a.m 
platinum plate altogether from the galvai 
under our investigation. 

Well, then, the acknowledged essential phei 
non of the galvanic battery is the oxidationjl 
metal — zinc. But oxidation is synonymous witi jT 
ing. Zinc, oxidising rapidly in air, we have most) 
fully proved, bums, loses, repels, discha: 
of metallicity to assume zinc's oxide heat shapa. " 
one has a doubt that zinc's rapid oxidatioqi^Aii is 
luming — heat discharging ; and the eauadi"W this 
heat discharge is a change of shape by the metd 
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zinc into oxide zinc — into ash zinc. Wlienever, 
therefore, there is this heat dischat^e by zinc, there 
will result a change of shape ia the metal zinc into 
oxide zinc — into ash zinc; and whenever there ia 
this change of shape by the metal zinc into oa^ide 
zinc, there will be the heat discharge ; whenever we 
see the ashes of zinc, we know that zinc haa burnt. 
But when zinc decomposes water in the galvanic 
cell, zinc oxidises at the expense of the oxygen of 
the water, and, of course, there will then be this 
change of metallic zinc into oxide — into ash zinc — 
the metal zinc is reduced to aahes, and consequently 
there must be the corresponding heat loss. "What 
becomes of this heat thus lost by the buraing zine 
in the cell of the battery ? ^Vllen we look at the 
surface of the plate of zinc that is decomposing water 
— that is oxidising or burning in the galvanic cell 
from wluch we had taken away the platinum plate 
— we see that that zinc is in truth burning. We see 
heat on it. We find the burning zinc's surface 
covered by boiling hydrogen— that is, covered by 
bubbles of a gas of extreme tenuity — hydrogen, which 
gas existed previously as a liciuid, aa one of the 
water's ingredients ; for hydrogen must exist, while 
an ingredient of water, in a state of Hquidity, in a 
liquid Allotropy ; and this allotropic liquid hydro- 
ten boita, or is evolved as gas from the smface of 
letal — zinc, which we know is in the act of being 
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reduced to ash 
or of burning. 

We have thus in this galvanic cell the zinc 
•plate burning, dischai^ing heat and hydrogen liquid 
by its water allotropy, taking this heat of the zinc com- 
bustion for liquid hydrogen's own evolution as gas. 

The burning of the zinc, and the boiling or 
vaporisation of the liquid hydrogen from that burning 
zinc's surface, go on pari passu. For every 65 graina 
of zinc that are burnt, 1 grain of hydrogen is evolved; 
for such is the capacity for heat of the two metala, 
zinc and hydrogen. There is a loss of heat by the 
zinc, which may therefore be called minus or negative 
as to heat ; and there is an addition of this very heat 
to the hydrogen, which may therefore be called plvs 
or positive as to this heat, with the fluid of the cell 
the hydrogen is pervading. Kor can there be any 
very glaring appearance of heat of the common kind 
during these heat-fraught chemical actions, for the 
heat in question passes from being latent in the one 
metal, zinc.to being at once latent in the other metal, 
I'.ydrogen — ^the heat's development and discharge l)y 
the zinc, and the same heat's absorption by the hydio- 
gen, bieing quite synchronous and equal The pnn- 
ciple helre evoked and put in motion must be Juai^ 
the latent \heat of metallicity, morphigenic heat, the 
heat of chem^ical transformation — for it originates in 
a burning /*Shapa cbacging metal, zinc, and the piin- 
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ciple raises or transforms liq^uid allotropic hydrogen 
into a gas, the principle being given and received only 
in the proportion of the capacities for heat of the 
two metals, zinc and hydrogen, giving and receiving it 

In familiar homely words, it might be said that 
this principle is heat, because the metal, in order 
to yield it, is reduced to ashes, and the lic[uid that 
receives it is reduced to steam or gas — ^is boOed. 

Let us now restore again the platinum plate taken 
away, to the voltaic cell under inspection, and con- 
nect the restored platinum by a wire with the zinc 
plate. The effects we then occasion, the effects of 
the presence of the platinum plate and its connection 
with the zinc by wire, in the galvanic cell, are two, — 

1st, The presence there, and the metallic contact 
of platinum with zinc, increases zinc's oxidation, or 
determines it if not present from weakness of the 
oxidising fluid, etc. 

2d, The place of the boiling or evolution of hydro- 
gen changes from the zinc to the platinum plate, that 
is, that which boils or vaporises hydrogen, heat, has 
been attracted from the zinc, where it is developed, 
to the platinum, from which it then passes to the 
lydrogen, 

Por in the completed galvanic ceR which we now 

study, we have to do with three metals, hydrogen, 

jlatinuni, zinc ; of these three metals, hydrogen is, 

Baccording to our axioms, by far the most thermic ; 
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nay, hydrogen is chemically by far the most 
thermic metal known,- — the hottest matter in tie 
world, it 13 therefore hydrogen's nature to rgW 
heat and not to attract it, to give he-at but not to 
receive it, for hydrogen has too much heat already. 
Platinum, another metal in the galvanic cell, is by 
onr axioms one of chemically the most athermic of 
metals, and therefore platinimi's heat nature is ths 
very reverse of hydrogen's ; platinum's athermism 
causing it to attract heat and not to repel it, to receive 
heat and not to give it, for cold jilatinum has little 
heat to give away, and much room for heat 

In connection with these two metals, hydrogen and 
platinum, the first the very worst, and the second tta 
very best, receiver or attractor of beat, we have in 
our galvanic cell another metal, zinc, that is discliaiE- 
ing or giving heat, and between the heat-giving aun 
and the heat-attractor platinum, we put a wire, a good 
heat passage ; the zinc's heat then, as is natural, passes 
or is diachai^ed first to the platinum that attracted 
it and gave it hearty welcome, through the wi» 
passage of easy heat transit, in preference to tlu 
heats being discharged directly into the compiiis- 
tively heat-repeller hydrogen. In other words, nx 
in the galvanic battery, discharging heat and having 
the choice between the capital heat-receiver plati- 
num and the bad heat-receiver hydrogen, prefers of 
course the good, and zinc thus discharges its heat 
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lirst into platinum ; it is easier bo to do. Or in still 
other terms, heat in the cell of the galvanic batteiy 
being repelled from the zinc, has two metiJs to whom 
it must go, and the heat prefers that metal, the 
athermic platinum, that best attracts and receives 
the heat. 

It is clear that you must facilitate heat dischai^es 
from the zinc plate of the cell in the battery ; if you 
present to that zinc plate instead of the bad heat- 
receiver hydrogen, a very good heat-receiver, nay 
attractorj such as platiaum, and by facilitating zinc's 
heat discharges you must at the same time facilitate 
zinc's oxidation, which we have again and again seen, 
by our axioms, consists of heat discharge, and this is 
the reason why the addition of the platinum plate to 
the cell, and its connection by wire with the zinc, 
leads always to an increase of the chemical action on 
the zinc. 

And as it is platinum's athermic nature and con- 
sequent heat attraction that makes it a good heat-re- 
ceiver, and thus fits platinum for that particular place 
of the galvanic battery, so aU the metals that are 
athermic, or more athermic than zinc, will have the 
like powers, more or less, according to amount of 
their conditional athermisoL And also carbon ; for 
we have found that carbon conducts heat and is con- 
ditionally the most athermic of the elements. 

The presence, therefore, of the athermic platinum, 
and indeed of all metals of the athermic class, 
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in the cell of the galvanic hattery, serves to 
facilitate the discharge of the heat of chemical 
transformation from the zinc plate, by whicli 
zinc is enabled to oxidise faster and better, and 
serves also the more important purpose of at- 
tracting this heat so strongly as to cause the heat 
to take an imuaual roundabout course, by a wire, 
on -which we can at will study many a stKBigs 
property in thia heat. It is therefore hi^y 
important that this heat attraction of the platinuin 
plate of the cell of the galvanic battery should laltE 
place in the strongest manner ; and this is siniplj 
obtained by making the platinum plate very large. 
Of course it is also highly requisite that the anc 
plate in the cell of the galvanic battery should give, 
yield, or discharge, as much of this precious heat as 
possible. Now, we know that the more thermic a metal 
is conditionally, the more heat it wdl be inclined to 
discharge ; and we also know by our axioms that the 
nearer a metal is to its fusion point, the more thennio 
conditionally it is ; so that if we could by any mesn" 
lower zinc's fusion point, -we would make zinc con- 
ditionally more thermic, and thus a better heat- 
yielder or discharger ; and this has been for loi^ 
empirically done by amalgamating slightly the aio 
plate with that very conditionally thermic metal, mer- 
cury ; for by alloying metals we generally lower thffli 
fusion-points without destroying their metallicity, 
There is therefore in the single voltaic cell uml*' 
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J observation a continual passage of this moi-phi- 
nic heat, from the zinc plate losing op repelling it, 
' burning or sbape-clianging, to the platinmn plate 
trading the lieat by an inherent power common 
chemically athermic metala ; and because the water 
the galvanic cell cannot conduct heat, there 
only one channel by which such a transit 
' heat from zinc to the platinum can take place, 
imely, through the wire that connects the two 
etals, zinc and platinum. And we accordingly, 
1 this uniting wire, can see the heat by causing 
iQ heat-conducting wire to become white-hot, 
id-hot, or heat-dissipated, according to the amount 
f heat we force the wire to cany or convey. The 
3ur3e of this heat is therefore along the wire, and 
■cm the zinc repeUing it to the platinum plate 
ttracting it. And from the platinum the heat finally 
assea into the hydrogen, which the heat serves to 
■a.ogform from lic[uidity to gaaeity, and the heat is 
TOa carried away and equilibrium restored. 

But we have atiU, in this single voltaic cell, the 
ibtraction of heat from the zinc, which is therefore 
linus or negative as to heat ; and the addition of 
13 same heat to the platinum plate, which is there- 
're to the same amount plus or positive as to heat, 
id finally a transference of this heat from the 
latinum to the hydrogen, which thus also becomes 
ositive, with that part of the fluid of the cell that 
ydrogen may pervade. 
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Let now any number, such as four equal voltaic 
cells or cup8, A, E, C, D (see the diagram on next 
page) be connected by four wires, E, F, G, Q, the zmo 
plate in the cup A, with the platinum plate of ita 
neighbour at B by the wire E ; the zinc plate in the 
cell B, with the platinum plate of its neiglrbour cell 
at C by the wii'e F ; the zinc plate in the cell C, with 
the platinum plate of its neighbour ceB D, by the wire 
Gr ; the zinc plate at D, with the platinum plate of 
its neighbour cell at A by the wire Q. Then the latent 
heat of metallicity produced by the combustion and 
shape change of the zinc plate at A passes along the 
wire E trf tlie platinum plate attracting it in the cdl 
B, where the heat vaporises hydrogen, with which 
the heat is carried away; but this hydrogen in the 
cell B haa been furnished by the oxidation of the zinc 
in B, and thus this zinc in the cell B is forced to 
oxidise just as the heat yielded by the zinc plate in 
the cell A will allow it. But the heat of the burning 
zinc in the cell B passes along the wire F to the pla- 
tinum plate in C, where the same thing happens as in 
B,aad so on throughout the whole cups of the batteiy. 
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Hence it arises that the heat that vaporises 
'drogen in any of the cells comes from a neighbour 
U, and it is thus that a system of checks is estab- 
ilied between every cell of a battery, one cell cbeck- 
g another, nay, one cell checking all, and all eheck- 
g one throughout the whole battery. So that, were 
e to substitute any of the cells by a weaker one, we 
oald thereby weoken the whole of the cells, and 
Banish the q^uantity of the heat in currency through 
■trhole battery. 

Fagain, the heat travelling along a single wire 
at connects two cells, say the wire E, must be 
Ual to the heat travelling along any other single 
toecting wire, say F, for the heat on both these 
Khas equal causation and effect. Let us sum up 
fvhole C[uantity of heat existing in the entire 
Kery of the diagram, and we find the heat equal to 
it of four cells, those namely at A, E, C, D. On 
y single wire we have the heat quantitively of one 
i, on the four wires the heat of the sum of four 
Is ; it is true that this four-celled quantity of heat 
bot in circulation thi-ough and through the cells of 
teattery, but this font-celled heaf s influence tells 
nch cell, owing to the system o£ check of one cell 
K)n another, one cell on all, and all on ona We 
ive therefore upon the heat of one cell, say A, that 
ivels along the wire E in the tiiagram, the combined 
e or pressiu'e of the heat^ of the three other 
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cells, E, C, D ; and the mora we increase the 
of these cells the more vnR we increase the 
of this influence or compression on the heat of: 
wire ; and as we cannot increase the quantity of &a 
current heat in any single wire by any increase of 
number of the cells, we must increase the compression 
of this heat by an increase of the number of cells, and 
by this compression we cause the morphigenicheatto 
assimae a certain amount of condensation, and thert- 
with the properties or characters of electricity. 

In this view of the phenomena of the galvanic 
battery there ia no current of heat supposed to tra- 
verse the fluid of the ceU. For if it be a heat current, 
how con it ? The fluid of the cell does not conduct 
it, gives it no passage. But the current of heat is aup- 
posed to start from the zinc producing and tepellii^ 
it along the connecting wire to the platinum of the 
neighbouring cell attracting the heat, thence the he»t 
passes into the hydrogen of the same neighbouring 
cell, and disappears in making that hydrogen a gas, 
It happens, therefore, that the surface of the platinum 
becomes coated by a film of bubbles of free hydrc^ 
gas ; now a gaseous body, even though metallic, is a 
bad heat conductor, therefore this film of gaseous 
hydrogen on the platinum plate impedes the ready 
transmission of heat from the platinum to the still 
unevolved hydrogen ; but not only that, the surfiice of 
the platinum plate is thus coated by the moat thermic 
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J in the world, where the most athermic of metals 
hat ia required. Instead, then, of haying a plate 
posed of athermic platinum, we have a plate, so to 
ik, of the very thermic hydrogen ; we have the 
lest heat where alone the greatest cold ought to 
md we have consequently very great disturbance 
le battery's action, or complete stoppage of it. To 
iate thia, aome other metal than hydrogen, some 
i meta! belonging to the platinum class, or at least 
e metal more athermic than zinc, must be reduced 
he platinum plate, and this Daniell contrives by 
icing copper instead of hydrogen. Or the surface 
ie platinum may be so roughened as never to be- 
6 coated by gaseous hydrogen, since roughened 
inum casts the gas very fast off. 
[aving thus studied a number of the phenomena 
he voltaic battery, we stop a^in to ask ourselves 
■t 13 the principle therein evolved ? And we 
it answer that it is Morphigenic heat. Heat of 
L transformations. This beat, as we have 
a many curious and striking properties of its 
Itut by causation, this heat, in a galvanic hat- 
taay be held ordinary morphigenic caloric, for it 
B from a burning, shape-changing metal ; but by 
intration thia same principle in question is elec- 
ity, for under special compression it becomes elec- 
. So that we have, on the one hand, morphigenic 
ifiloBely related by birth to heat, and by growth 
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or peculiar development to electricity. Morphl 
heat thus occupying as it were a middle pla 
tween the two, and establishing the long sougb| 
confidently expected link between electricity 
heat. For morphigenic heat begins by being | 
men heat, is born heat, and ends by becomin| 
growing up to electricity ; or, in shorter tenns, onB- 
nary Heat, Morphigenic Heat, and Electricity, are 
phases of the same radicle principle. 

I repeat that it seems to me impossible to doabt 
that the principle set in motion in the galvanic 
battery is morphigenic heat, an object, as far aa I 
know, new to science. By causation this principle is 
closely related to ordinary heat, and therefore it is 
readily brought to show moat of the properties of com- 
mon caloric. But, nevertheless, this principle difEera 
&om common heat in that the principle travels throogh 
its conductors, a wii'e for example, with much greater 
speed than common heat. Morphigenic heat differs 
also from latent heat, to which, however, of all 
things it bears the closest resemblance, in that 
morphigenic heat is more natural, and therefore more 
completely, perfectly, and persistently latent than 
latent heat itself. Morphigenic heat differs, howevH, 
by far the most from the electricity of the friction 
machine, inasmuch as in a single isolated cell of a 
galvanic batteiy this principle of morpliigenic heat 
presents not a single characteristic unequivocal 
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property of friction electricity* But still we kaow 
that if we multiply the number of galvanic cells, 
thus, as we have seen, compressing the morphigenic 
heat, the consequent condensation of the morphigenic 
heat gives it electric powers. Therefore, because this 
morphigenic heat differs from ordinary heat and 
electricity, but only by differences that are easily 
effaceable or explicable, it seems to me that we must 
conclude that morphigenic heat is a phase of common 
heat and of electricity. 
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In a single isolated galvanic cell the pru 
existing has not one unequivocal property (fl 
common forms of electricity, and indet 
Been that it is morphigenic heat that has i 
been compressed into assuming the electric phasft 
When we attempt, therefore, as is usually done, to 
explain the phenomena that are present in this fiingle 
isolated galvanic cell hy the laws of friction eleo- 
tricity, without paying attention to the evident excep- 
tional nature of the case, or laying any weight on the 
concurrent chemical phenomena, we are atonca landed 
into difficulties and contradictions: these dif&caltiea 
the cleaiN-hrazned and candid detect and acknowledge; 
the majority overlook, ignore, or evade. 

Upon matters that can be decided by the onieiil 
test of experiment, and about which, therefore, thew 
cannot be a doubt, such as the electric states of ths 
zinc and platinum plates and the fluid of the odl, 
the old interpretation and the new attempted in tiiis 
disquisition are and must be at one. For both the old 
and the new theory and experiment make out that 
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s negative, and the platinum and the fluid 
of the cell positive, as to heat and as to electricity. 
About the direction of the current between the zinc 
and the platinum plates, and the current's existence 
through the fluid of the cells, two things not so easy 
as at first sight seems of dii'ect and satisfactory proof, 
the old and new interpretations are at complete 
variance. By the new interpretation proposed in 
these pages, the entrent of the principle in the 
galvanic cell passes from the zinc to the pktinum, 
exactly the reverse of the old ideas. But the new 
theory seems to me, of course, the more reasonable. 
For we find the zinc of the galvanic cell, according to 
every theory, old or new — better still, according to 
experiment — ia in the minus state, which means, if it 
means anything, that something has been subtracted 
from galvanic zinc. Galvanic zinc has always the 
sign of subtraction attached to it. What has become, 
then, of this something that has been bo subtracted 
from the galvanic zinc ! Surely it must have gone 
somewhere. 

To galvanic platinum, on the contrary, is attached 
always the plus mark, the sign of addition. Whence 
has come this something that has been added to the 
galvanic platinum ? 

By the new theory, the way of answering these 
questions is to suppose that which has been added to 
the platinum has been taken, through the wire, frem 
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the zinc ; for the subtraction &om the galvanic zinc 
and the addition to the galvanic platinnra are 
synchronous and equal, and we know that the 
platinum is quite as ready for the addition as zinc 
is for the subtraction; and, besides, an excellent 
means, the wire, e.sist8 for effecting the subtraction. 
In the old theory it is said that that which is sub- 
tracted from the zinc is in totality added to the/i«i 
of the cell, and from the fluid it is added completely 
or in totality to the platinum. But this is impossible. 
For if we by this old theory analyse the electrics of & 
galvanic cell, we find that in it there are two metals; 
one zinc, negatively electric, and the other platinum, 
non-electric, both immersed or in contact with a 
fluid positively electric. In these circumstances, by 
all the known laws of electricity, all the electricity 
of the positive fluid must at once be dischaiged upon 
the negative zinc in contact with it. Not a particle 
of electricity can in this case find its aberrant way 
to the non-electric platinum. Positive electricity ia 
contact with two metals, platinum and zinc — the first 
iion-electric and the second negatively electric — will 
certainly, if electric laws lie not, not go to the non- 
electric metal platinum, but will be at once and in 
totality discharged into the negative metal zinc So 
that, if the old theory is held, all the electric actions 
of a galvanic cell would be confined to electric 
discharges from zinc to the fluid, and from the fluid 
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back again to the jodcs. Boi tins does oat oonespond 
to the facts observed ; is in direct opposhioo to dw 
hcts observed. By tbe neir Qtaxj, it is dear that 
the effect of the disposition of matteiB in the galruuc 
battery is to render zinc, when action commences, 
minos or negative, that is, to snbtiact something 
from zinc. It is evident, therefore^ that before that 
action b^an zinc must have bad the thing taken 
from it when the action was established ; yon can- 
not subtract one &om nothing. Zinc of the battery 
must have had electricity or heat latent in it before 
action, in order to have yielded it daring the action 
of the battery; and because platiamn received the 
thing added to it so readily, there mast have been 
rather a de6ciency of the thing added in platinum. 
And this we know is the case, for we know by oar 
axioms that zinc is a thermic metal, and has therefore 
heat, and platinum is an athermic metal, and therefore 
is deficient in heat. And all this but means that the 
positive state of platinum and the negative state of 
zinc are a second step or scene in the phenomena 
of the galvanic battery, the first step or scene being 
exactly the reverse — things commencing by zinc 
existing positive and platinum negative. Thus — 

First scene in the phenomena of the galvanic 
battery consists of a quantity of electricity, or heat 
latent in zinc, and deficient in platinum — zinc being 
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thus plus, and platioum minua as to electiicicy or 
heat. 

Second scene in the galvanic batteiy consists of 
zinc losing its latent electricity or conditional beat 
to change shape into oxidity or ashes, zinc thus 
getting the losing or subtraction sign of minua upon 
it — that is, becoming negative ; and this lost zinc ieat 
passes through the wire — its by far easiest way, 
and therefore only way, to the platinum, which thus 
gains heat or electricity, and acquires the iucresw 
or plus sign upon it^ or becomes positiva 

Third scene of the galvanic battery consists of 
this electricity's discharge from the platinum to tlie 
hydrogen of the fluid, and the equilibrium restored 
by the escape of the hydrogen. 

In short, in the galvanic battery, by the new 
theory, the platinum is simply charged electrically 
by the idnc through the wire, the easiest way, and 
discbai^ed by the hydrogen, which escapes forthwith 
from the field of action, and thus restores the equili- 
brium. And that the current comes from the anc, 
and goes along the wire to the platinum, we have 
absolute ocular proof For in the case of the two 
cbarcoal points, in what is called the " voltaic arc," it b 
that charcoal point that is connected with the burn- 
ing zinc pole of the battery, and that therefore by the 
new theory first receives the heat — it is that veiy 
zinc-connected charcoal point that first becomes 
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wliite hot or incandescent. By the new theory it 
must he so, for hy that theory the heat must first 
reach the charcoal point connected with the burning 
zinc. Theory and fact are therefore in perfect accord- 
ance. The new theory says that that charcoal point 
that first receives the current, first shows it by becom- 
ing incandescent. The new theory says that that char- 
coal point which the heat current first reaches first 
becomes heated or white hot, and w-liat the new 
theory says accords with what the Fact indicates. 

The actual fact, however, obliges the old theory 
to say that that charcoal point that last receives the 
heat current, first shows the current — first becomes 
affected by it. 

Incandescence of the charcoal points is undoubt- 
edly the effect of the presence of the electric current 
Where the current passes there is incandescence, 
Where therefore there was first incandescence, there 
assuredly the current first passed. But incandescence 
first occurred on the zinc-connected charcoal point, 
therefore tJie current must have come from the zinc. 
I can see no way or loophole through which we can 
escape from this conclusion. 

Of the presence of the current through the fiuid 
of the cell there exists not the slightest proof ; but, 
on the contrary, everything militates against such an 
idea. Por, first of all, the fluid does not conduct heat 
or electricity of such low tension. Moreover, if we 
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assume the existence of aa electric current throngi 
the fluid, we must make that current pass from tlie 
zinc to the platinum — that ia, from negative to posi- 
tive, and, besides, through a very bad condDCtoi, 
which seems absurd. By no known law of commoB 
electricity, as viewed by the old theoiy, can it be 
explained why zinc exists in a negative state being 
plunged in, and thereby in close contact with, lie 
positive flnid of the cell, without instantaneous and 
equilibrising disehaiga taking place between the 
closdy contiguous n^ative zinc and positive fluicL 
Indeed this is utterly at variance with the laff 
of common frictioQ electricity. Some electidcians 
acknowledge this, but content themselves by stating 
that this electric anomaly must exist, although it be 
impossible at all to sr[uare it with electric law. 
But the new theory teaches us that there is no such 
anomaly, and by taking into account, as most 
decidedly ought to be done, tie concurrent pheno- 
mena of the galvanic ceil, the new theory finda that 
the positive state of the fluid of the ceU. depends on 
the positive freed hydrogen that pervades that flnii 
and this positive hydrogen is continuously aH" 
rapidly escaping out of the fluid and the sphere of 
the negative zinc, with which, therefore, hydri^ 
when thus escaping can little permanently interfew 
\Vlien more cells than one are concerned, the oW 
theory's explanation of the direction and couiseM 
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e current of the battery is still, if possible, more 
nfused, contradictory, and Tinsatisfactory. 

The explanation is, that, starting from the posi- 
re platinum plate of the cell A, as in diagram, 
ige 114, the electricity goes to the negative 
no in the cell D, through the wire Q, then 
le electricity passes through the fluid of the 
iU D to the positive platinum plate in D, and 
) forth. That is, we have to conceive such a 
Tange, inexplicable, electric current as one starting 
■om positive platinum, then going through the 
ire to negative zinc, thence passing on, without 
iniinution, still as positive electricity, through a 
ad conducting fluid of the cell to the positive 
ilatinum. That is, a through and through electric 
urrent, sometimes positive, at others negative, pass- 
ng at times from negative to positive, then from 
positive to negative ; now choosing good conductors, 
md traversing them, then at4he very next step pre- 
ferring bad conductors, and passing through them 
with like ease. Surely a jumble of things difficult, 
niy, impossible, to unravel or explain by electric 
lawg, our only permissible guide in the case. Again, 
^e do not increase the c[uantity of the current on any 
givea wire by increasing the nimiber of cells, which 
'^G inust do if the old theory were true — that ia, if 
•ie same current passed through and through along 
'lie entire number of cells ; and this last objection to 
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the old theory aeema to me, even singly, quite fetal 
to it. 

By the new theory we know at once that we 
do not increase the quantity of the current on a 
single wire, however numerous we may make the 
number of the cells ; for in the galvanic battery, by the 
new interpretation, the current is not a single long 
one, reaching from one end of the cells of the batteiy 
to the other ; but in the galvanic battery, by^the new 
theory, there are as many distinct currents as then 
are celia, the current passing only between two 
neighbouring cells, and being limited to these two 
neighbouring cells, originating in the zinc of the one 
and terminating completely in the platinum and 
hydrogen of the neighbouring coll. But though tbfl 
current he thus quite limited to two neighbourii^ 
cells, still its very existence depends on the currentB 
of all the other cells of which a battery may be com- 
posed. One current therefore comes to be subjeehd 
to the influence or pressure of all its brother currentfl 
of the battery, and it is imder this pressure that fliB 
current assumes electric properties ; for, as you clearly 
cannot increase quantity in the current by inoreaw 
of cells, you tend to increase tension. 

The properties of common friction electricity, poK 
and simple, therefore, clearly suffice not for the ^ 
tinct conception or the explanation of the phenoBeiB 
of the galvanic battery ; and the reason is, that elM- 
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ricity in the galvanic battery is for tiie most part in 
i phasic state— that is, not electricity proper, but its 
)liase, which we have ventured to call morphigenie 
leat. And thus we require the knowledge of the 
iroperties of this morphigenie heat, together with 
;ho3e of common electricity, in order completely to 
laaster the actions going on in the galvanic battery. 

We shall therefore, in this distLuisition, assume it 
IS established that the current of morphigenie heat or 
ilectiicity springs from the zinc, passes along the wire 
jonuecting two cells to the platinum plate of a 
leighbouring cell, and from the platinum to the 
lydrogen of the same cell with which the heat is 
:arried away, and equilibrium results. Consequently, 
ibere is no current of heat or electricity through the 
laid of a galvanic cell ; in fact, as has been ere now 
(aid, the fluid does not conduct it. Consequently, 
ilso, there is no current traverses any liquid electro- 
lyte a voltaic battery is decomposing, for the electro- 
lyte's decomposition would then occur wherever the 
current passed, and not alone at the electrodes : as 
indeed happens always with a current of machine 
electricity traversing and decomposing water. 



CHAPTEE IT. 



Thi pbcDUMMk in the fluid of a galvanic cell an 
■mdi more coaiAex than tbe simple passi^ of a bO- 
called dectne auient thriMigli the fluid of tlie cell, 
and ue thus attempted to be expLiised. 

The fluid in a galvanic cell may be consideied, ia 
order to bicilitate description and comprehensiou. 
to be but water, tJiat is, a compound of oxygen and 
hydrogen. Before their combination, oxygen and 
hydrogen, by our axioms, attracted each other, f« 
they had unequal heats. But hydiogen loses hert 
and thereby attracts oxygen, and combines with 
it, and matters are then quite reversed. Hydro- 
gen and oxygen, combined or as ingredients flf 
■water, repel each other, because they then huTfl 
equal or like heats. Hydrogen of water b1« 
attracts the heat it lost at its combinatioD witk 
oxygen, and by the law of reaction the heat itself 
will also attract the combined water hydrogen. Sn 
that there exist in oxygen and hydrogen ingredients 
of water in the galvanic cell, a tendsEcy to go opposii^ 
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.y3, a repulsion, a polarity of ri^pulsion ; and in the 
drogeii of that water thure exists an attraction for 
at, and also aa attraction of heat for the hydrogen. 

this thus constituted water of the galvanic cell, 
d opposite each other, a heat-diaehai^ing metal, 
ic, and a beat-loaded metal, platinum, exist also ; 
it is, a metal, zinc, attracting oxygen, and a metal, 
itinum, in virtue of the heat that loads it, attracfc- 
l hydrogen." But it is evident that the presence of 
ygen-attracting zinc and hydrogen-attracting pla- 
lum, facing each other in the water of the galvanic 
U, strengthens greatly the tendency to go opposite 
lya— the repulsion natural to combined oxygen and 
'dtogen of the water of the voltaic cell ; for the 
'drogen pulled to the platinum, and oxygen pulled 

the zinc, are thereby dragged in opposite directions, 
r the zinc and the platinum in the cell are right 
ipoaite to each other. So that there is a double 
irce acting strongly for the disruption or pidling 
iuader of the galvanic cell water's ingredients — 
Unely, their own mutual repulsion, and the zinc and 
iatinum attraction, acting so as to coincide with and 
iVour the mutual repulsions ; and to complete matters, 
16 heat on the platinum that attracts the hydrogen 
ivea it the means of escaping or transforming from 
ydrogen's water aUotropy ; so that, in these circnra- 
iMices, water's two repellent ingredients, oxygen 
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and hydrogen, separate, and water is, as it is 
decomposed. 

Tou have not necessarily produced any molecular 
omrent in this voltaic water. Examine, lighted np 
with a beam of concentrated light, with the highrat 
powers of the best microscopes, this very water of the 
voltaic cell, the field of these seemingly mysteriously 
complex phenomena, and no difference will be per- 
ceived between the voltaic water and any other 
quiescent water ; for you have not produced, by all 
your manipulations, in the water of the voltaic cell 
in action, anything new ; yon have only strengthened 
greatly, in tlie oxygen and hydrogen of that wateri 
their pre-existing polarity of repulsion. In short, 
this water in the cell of a voltaic battery in action 
differs from any other water only in the greater in- 
tensity of the repulsion of its ingredients, oxygen and 
hydrogen ; a difference invisible to the eyesight, and 
apparent only to the mind. 

We seem now beginning to obtain a cleaiet 
glimpse of the nature of galvanic chemical decom- 
positions. Such decompositions are entirely polK. 
Galvanism acts, but in a more picturesquely-evident 
way, aa we saw heat pure and simple act ; and » 
galvanism ought to act, seeing that galvanism and 
heat are phases of the same thing, and both of them 
act by increasing the already existing repulsion in 
the ingredients of compounds, at the same tins 
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giving them the means of chemical transforma^ 
tions. Thus, when incandescent hquid platinum is 
dropped into water, the great heat of the platinum 
acta first by intensilying the already existing repul- 
sion of the components of the water, oxygen and 
hydrogen, because the heat intensifies that repulsion's 
cause, which ia a heat cause, a heat ec|_uality ; but at 
the same time this heat of the incandescent platiunm 
that increases the water's ingredients' repulsion, gives 
them the heat of chemical transformation, and so the 
ingredients must separate and transform, or water 
gets decomposed, as it is termed, by the incandescent 
platinum. 

The decomposition of water in a galvanic cell ia 
also an entirely polar heat phenomenon, but more 
complex : it is the tendency to lose and gain heat on 
two opposite heatr-natured metals, zinc and platinum, 
that intensifies the polarity of repulsion in water's 
ingredients in the galvanic celL First we have the 
platinum gaining heat, and therefore repelling oxy- 
gen,* and we have the zinc losing beat, and therefore 
attracting oxygen ; so that there are here three forces 
urging the oxygen to the zinc — platinum's repulsion, 
zinc's attraction, and the mutual repulsion of oxygen 
and hydrogen. 

Platinum's gain of heat causes it to attract hydrogen, 
and oxygen's and hydrogen's mutual equality of heat 
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repulsion drives the hydrogen also in the direction of 
the platinum. Repulsion of ingredients, the first 
step in chemical decomposition, is thus most strongly 
and effectually hrought ahout in the water of the 
galvanic cell ; hut the very means — namely, heat- 
that has intensified in the cell-water's ingredients 
this repulsion, the first step towards chemical decom- 
position, famishes the ingredients also with the means 
of taking all the other steps in chemical decomposi- 
tion — that ia, with the heat of chemical transforma- 
tion. So that it is no wonder that, in these circmn- 
stances, that moat stable compound, water, becomea 
decomposed or jields up its ingredients. 

The heat current — the electric current — does not 
penetrate, much less traverse, the water of the cell 
The current cannot do it, but the current's polarising 
influence is felt, not so much by the water itself, as 
by the water's ingredients, from one plate of the vol- 
taic cell to the other, or, as we shall soon see, fiom 
one electrode of an electrolyte to the other. 

I have thus traced, step by step, conditional heat, 
from its quiescent, latent state, in chemical bodies 
through its various changes, and having finally tracked 
this beat to the galvanic battery, we find that this 
heat that plays such necessary parts in eveiy chemi- 
cal combination has yet another mission in Kattire, 
for it is capable of assuming the Electric phcise. 

All along, during our study of this morphigemo 
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^eat, its likeness to electricity could not have failed 
to strike ns. This heat's accumulation, discharge, 
and ec[uilibriiim, in chemistry, vividly resemble, nay 
are identical with, the parallel electric actions. The 
attraction and repulsion induced by difference and 
similarity of conditional heat are electric, and could 
not but be electric. 

In other words, the attraction and repulsion of 
chemical heat electricity — that is, chemical elec- 
tricity — are quite similar, parallel, identical with 
those of friction electricity. Friction electricity and 
chemical electricity, of the aarae name and nature, 
repelling each other : electricity and chemo-electricity, 
of opposite name and nature, attracting each other ; 
nothing therefore more easy to perceive and to grasp 
than the complete identity of these actions of elec- 
tricity and of chemo-electricity. But it is also quite 
easy to understand why chemo-electrie discharges — 
(that is, the discharges of that we have up to this 
called morphigenic or conditional heat, but what now 
we may call also chemo-electricity)— shoidd be, not 
indeed different, but infinitely more difftcult and 
complex than the discharges of our more familiar 
friction electricity. 

Friction electricity is an artificial temporary pro- 
duction, a thing literally and truly on the very sur- 
face of bodies, a thin pellicle of a principle evenly 
spread over the external superficies of electrified 
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bodies ; hence discharges of friction eleetricii 
changes and equilibria, are the easiest of matters. 

It is very different, indeed, with chemo- electricity; 
it ia the natural enduring state of all chemical mole- 
cules or atoms, alike of the moat central and deep 
and of the most peripheral and superficial. Heno^ 
chemo-electric discharges, and, still more, chemo- 
electric equilibria, must necessarily be much moM 
intricate and difficult than those of friction electricity; 
But, for all that, they do not cease for a single 
moment to be identical 

So, all along in our description of clienucal 
phenomena, the woid Electricity might have been, 
! mutandis, substituted for the word chemical 



The fact of the identity of heat and electricity 
considered as established, it becomes much easier to 
understand and describe the phenomena of the pi^ 
vanic battery. 

In the cell of a galvanic battery we have two 
metals — zinc, that is thermic and positive, and pli- 
tinum, that ia athermic and negative. The thennii 
metal, zinc, has the constant tendency of its claaa to 
cool, to repel, to discharge heat or electricity ; anJ 
the athermic metal platinum has also the constaji 
tendency of its class to attract or acquire heat^-to 
become positively electrified. You place these 
metals in a galvanic cell, where they can follow this 
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' strong bent, and you connect the two metals, 
zioc and platinum, by wire — that is, by an excellent 
conductor of heat and electricity ; and the two 
metals, in these circumstances, do follow their bent. 
The thermic or positive metal zinc loses its heat, 
discharges its electricity, just in the same propor- 
tions as the athermic negative metal platinum 
attracts and gains it ; in other words, there is a dia- 
chai^e of electricity in the easiest way — that is, 
through the wire that connects the two metals — 
from the plus zinc to the minus platinum, the one 
metal, zinc, repelling its electricity, and the other 
metal, platinum, attracting it. And it is evident that 
you facilitate the loss of heat or electricity from the 
tliermic zdnc, if you connect that thermic zinc with 
the cold platinum that attracts heat, for there will 
then be two forces taking away the heat from the 
zinc wishing to lose heat — first, zinc's own repul- 
sion for heat, and, second, platinum's attraction for 
the same heat ; consequently, the thermic zinc, while 
connected with athermic platinum, will lose heat 
faster and more easily — that is, oxidise faster — -than 
when unconnected with the athermic platinum, as 
we distinctly observe happening in the galvanic 
battery. The current of electricity sets from tiie 
liositive to the negative. It must always do so. 
Bat then it is the zinc plate that is the positive plate 
at the outset, before the natural state of matters was 
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disturbed. The current then, at the very beginaic^ 
flows from the positive zinc to the negative platinmn, 
and flows, as all electric currents must, throi^h tie 
easiest and most direct channel — that is, through lie 
wire. And then matters are reversed, and the zinc 
plate becomes minus or negative to the same amoiint 
as it has lost to platinum, and platinum becomes tlieit 
to that amount positive. 

The positive zinc discharges its electricity on the 
negative platinum first, instead of discharging the 
electricity upon the negative hydrogen— that is, quite 
close to the zinc — simply because it is much easier 
BO to do, the hydrogen being the worst receiver ffl 
attractor of positive electricity in the battery, or in 
the world, the platinum one of the best. And the 
electricity passes through the wire, and by no means 
through the fluid, because the wire is one of the heat 
conductors of this electricity, and the fluid a bad 
conductor. From the positive surface of the platinum 
the electricity passes into the hydrogen, negative as 
much as its very positive nature allows, by allotropy, 
And the equilibrium is continuously brought about by 
the escape of hydrogen as gas. The electric or heat 
current has thus constantly passed, as it is bound to 
do, from positive to negative, from thermic to atha- 
mic. And equilibrium is established by the heat or 
electricity becoming latent or equilibrised in the 
molecules of hydrogen. 
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In the fewest words possible, I would say that 
the essential phenomenon of the zinc oxidation in 
the water of the galvanic cell consists of a dis- 
charge of electricity from the positive zinc to the 
negative hydrogen, hydrogen being negative by its 
combination water allotropy — but hydrogen is by 
far the most thermic metal known, and, in conse- 
quence, hydrogen's nature is that of a good giver 
but a bad receiver of positive electricity. If, then, 
when zinc is discharging its plus electricity into 
that bad receiver of plus electricity, hydrogen, the 
best of receivers of pins electricity, platinum, be 
connected with the zinc, it is natural that the plus 
electricity of the zinc should go iirst to the platinum 
— that is, prefer the platinum that attracts it, and 
avoid the hydrogen that in a measure or compara- 
tively repels that electricity; and this the plus elec- 
tricity does, and accumulates on the platinum till the 
feebler negativeness of the hydrogen thence takea it 
away. 

When more than one cell are concerned in the 
voltaic battery, the explanation will be the following : 
— The plus electricity furnished by the zinc of the 
cell A (see diagram, page 114), and that must be 
discharged, has but three means of discharge acces- 
sible to it ; the plus electricity from the zinc of A 
may be discharged at once into the hydrogen that 
exists in the water or fluid of the same cell at A ; or 
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the plus electricity may be discharged through tha 
lluid upon the platinum plate of the same cell at A ; 
or the plus electricity may he discharged upon the 
platinum plate of the neighbouring cell at E, with 
which the plus electricity fumishing zinc is con- 
nected by the exceUent electricity conducting-wire, 
E. Of these three means of discharge, the electricity 
will take the easiest; electricity mostly doea Sow, 
the easiest discharge is into the platinum plate of the 
neighbouring cell at B, for thereto the electricity iB 
most attracted, and has the readiest, easiest passage 
way, the metallic wire E. The plus electricity does 
not pass directly into the hydrogen of the water of 
the cell A, though the hydrogen be quite close to the 
plus electricity, because we know that the hydrogen 
is the worst receiver of plus electricity in the battery, 
in the world. The plus electricity cannot go to the 
platinum plate of the cell A, though platinum does 
attract it, because there intervenes between that 
platinum plate and the attracted plus electricity » 
bad conductor of this kind of electricity — namely, 
the fluid of the cell at A. The plus electricity of 
the zinc of the cell A has therefore no choice left 
but to be discharged through the wire E, upon tie 
platinum plate of the neighbouring cell B, and on 
this platinum the plus electricity accumulates, unti! 
it forces its way, or is discharged into the hydrogen 
of the water of the cell B, and then complete eqoili- 
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brium resiilts. But the tlischarge of electricity of the 
zinc plate at A depends upon the oxidation or shape- - 
change of the zinc in the water of the cell A, 
and this oxidation of the zinc can only take place by 
zinc's dispUcing the hydrogen, so that to originate 
and beep up any electric discharge from the zinc at 
A there miiat be also a corresponding evolution of 
hydrogen at A. But in the cell at A there exists no 
heat for chemical transformation of the hydrogen, for 
the zinc at A, that ought to yield this heat, has sent 
it throu<;h the wire E to the platinum at B, the 
neighbouring ceU ; so that the electricity or heat for 
the transformation of hydrogen in the ceU A comes 
from the zinc plate in the ccU D, which zinc plate at 
D discharges electricity upon the platinum plate at 
A through the wire Q, and thence into the hydrogen at 
A, for precisely the same reason that the zinc plate 
in A discharged, through the wire E, its electricity 
into the platinum at B. 

So that the electric discharge of A, B, and D, nay 
of C, nay of all the cells of a battery, all depend 
closely, indispensably, one upon another : A depends 
upon D, and B depends upon A, and so on through- 
out the entire series of the cells that any given 
battery may have ; but it is likewise clear that if the 
discharge of A depends on that of D, and if the 
discharge of B depends on that of A, the discharge of 
^■■nll also influence the discharge of B by D's 
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influence on A'a dischaige, and by this chain of 
reasoning it can be made out that one cell influenciis 
every cell of the battery, and that all the ceUs 
collectively influence, back, check, compress, one 
solitary cell ; so that, upon any of the connecting 
wires we may take, since that wire is transmitting 
the heat carrent of one cell, we may at pleasure get 
the concentrated effects or pressure of an entire 
battery — the larger the battery the greater tie 
pressure — and it is this pressure that prodneea, 
when it reaches a certain intensity, electric p^ope^ 
ties in the principle called into action in a galvanic 
cell. 

So that the course of the electric current in the 
galvanic battery, as made out by the speculations in 
this disquisition, is, first, from the positive zinc, then 
along the connecting wire to the platinum, which 
thus becomes positive, and discharges upon the 
hydrogen, which becomes also positive, but escapes 
out of the field of action. When hydrogen does not 
escape readily, a disturbing cause is iutroduced, of 
which we have already given all the explanations 
that seem necessary in an earlier part of this paper, 

The current exists only on the wires connecting 
the zinc and platinum plates of a battery, and &s 
quantity of the current on one wire must be equal to 
the quantity of the current on any one of the othei^ 
for to this result must the concatenation of the cells 
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ead ; nor can this quantity of the electricity be 
ncreased on any of the wires by fresli additions of 
;ells ; the quantity of eleetiicity is not increased ; the 
,eneion is ; nor can we expect that the eompi-ession or 
«naion would increase if quantity increased al30. 
[□ the fluid of the galvanic cell there is no cur- 
rent, but only its attracting or polarising effects 
apon the ingredients of the chemical compounds of 
the celL 

So that when fine, deoxidises water, zinc ia com- 
pelled to displace water's hydrogen—that is, to 
evolve that hydrogen as gas ; that is, to dischai-ge 
heat into hydrogen, and, if heat and electricity be 
couvertible terms, to discharge electricity into hydro- 
gen. Now it happens, as we have just seen, that 
tliis hydrogen is the beat giver and the worst receiver 
of this electricity in the world, so it becomes 
possible to deviate this electricity that zinc is giving 
to hydrogen, by bringing platinum into competition 
with the hydrogen for the heat that zinc is dis- 
charging ; and when you do that, the victory is 
Always to the platinum. And it is only this bad 
reception of hydrogen for electricity that renders this 
deviation of the electric current along the wire, first 
to the platinum, and then, to be sure, to the hydrogen, 
at all possibla For if the hydrogen received this 
electricity at all readily, hydrogen would infallibly 
take the electricity right away from the zinc with 
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which hyiirogen is in close contact 
hy(]rof,'on were a better receiver of plna eli 
than hydrogen happens to be, you could not 
the heat dischatge irom the zinc into the liyi 
take the roundabout course it does in a gsHefWt 
battery — from the zinc, along the wire, first to its 
platinum, and, at the very last, to the hydrt^' 
that is, you could not have a galvanic batteiy at all 
If, for example, zinc reduce any other metal W 
hydrogen — if zinc reduce a metal that is but a 6i 
receiver of electricity, such as lead — ^the heat 
mena are the same ; there is a dischai^e of heatfca 
the burning zinc, in order that zinc may unde^! 
oxide heat-shape, there is an absorption of thisaH 
phigenic heat, discharged from the zinc by the od 
lead, in order that the lead may undergo the tM 
formation into its metallic form. In short, tteM 
Just what happened with the zinc and hyJro'o'eii-' 
namely, a discharge of heat from zinc into the If* 
But then there is tliia great difference, that the 
receives this zinc-heat so weU that you cannot w 
the heat about to be dischaiged into lead ly n* 
in the lead-tree experiment, take any roundab* 
course, by connecting zinc, reducing lead with pW 
num ; for any superior attraction for heat platim* 
may have over lead is quite counterbalanced \ 
g close or in contact with the heat-gi'''^ 
^nd in these cases the heat-diechargea f^ 
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dways directly from the discharger, or giver to 
ker, from the zinc to the lead, and therefore 
3at-discharge we cannot utilise. That is, we 
form a voltaic battery of such a combination 
of lead and zinc in the lead-tree experiment, 
jh by most it is acknowledged that the dis- 
.ent of lead by zinc in lead solutions is quite 
ial. 
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CHAPTER V. 

It remains for us now briefly to study chemical de- 
composition as effected by the voltaic battery. 

The substances decomposable or decomposing l]y 
galvanism are called conveniently electrolytes; the 
decomposition itself electrolysis ; and the extremitiea 
of the two wires, plunged opposite each other into the 
electrolyte, and that come, one wire from the mo 
the other from the platinum plate of the battery, 
and that thus are said to cai'ry the electric canent 
into the electrolyte, are called electrodes. 

The best, or indeed the only way of viewing 
electrolysis, is to consider the electrolj-te, with its 
fluid and its two opposite electrodes, as but anothfli 
cell that has been added to the battery. The electio- 
lyte itself corresponds to the fluid of a cell ; tha 
two electrodes correspond to the two platej of the 
proper or true galvanic cell. But then it may b^ 
in limine, objected that the two electrodes canMt 
correspond to the two plates of a galvanic hatteryi 
because, in the true galvanic cell, the two plates fli* 
of different metals, zinc and platinum ; whereat ^ 
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ihe electrolyte, the electrodes are botli the two made 
jf the self-same metal, platumm. This is true ; 
out then these two platinum electrodes are subjected, 
when connected with a battery, to an inductive 
pressure of the whole battery, and thereby these two 
platinum electrodes become functionally, potentially, 
rirtuaUy different, the one platinum electrode ^m 
the other. And this is easily enough shown by test- 
ing them with a galvanoscope, when one of these 
platinum electrodes is found plus, the other in in n a, 
IS to electricity or heat In other words, that one 
platinum electrode corresponds to zinc, and the other 
to the platinum plate of the common galvanic cell ; 
iind this, be it well understood, ia not a matter of 
resumption but of fact. 

This baa been termed the polarisation of the elec- 
trodes. And I am aware that the current between the 
electrodes must be in an opposite direction to that of 
the battery when the electrodes are disconnected from 
the battery and joined together, and tliis arises simply 
because the current must always pass from the zinc, 
or what corresponds to zinc, to platinum, or what 
sorresponds to platinum. 

One electrode or plate of the electrolyte cell, 
though really made of platiniun, may thus be proved 
firtnally or functionally zinc, and the other, its 
fellow, platinum electrode, virtually more platinum 
me respects than it ia when out of an electrolyte. 
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I will therefore always call that electrode that 18 
nected with the platinum plate of a hattery the zinooid 
or athermic electrode, or electrolyte cell plate, be- 
cause there is no heat in it, its heat being always given 
away to the platinum plate of the battery to which 
it is attached, and because this said electrode occnpies 
zinc's place were the electrolyte a mere additional 
cell of the hattery. I will call the electrode con- 
nected with the zinc plate of the hatteiy the thermic 
or platinoid electrode of the electrolytic cell, because 
tliis electrode receives all the heat of a zinc plate of 
the battery, and because it occupies platinum's place 
were the electrolyte to be esteemed one more cell 
added to the hattery. We have thus one of the elec- 
trodes, namely, the one we are going to call the 
zincoid, though really made of platinum, and thns 
inoxidable, assuming, by virtue of its position and 
con8ec[uent induction of the whole battery upon it^ 
some of the properties of an oxidable metal That is 
we have an inosidaWe metal becoming somewliat 
like an oxidable metal. And this needs not so much 
astonish us if we recollect that an oxidable metal, 
such as copper, under a like pressure of galvanio in- 
duction, that is by occupying the place of an inoiiii- 
able metal in the plan of a battery, becomes, as long 
as the copper ieeps such a position, really inoxidaW^ 
It was known and proved that ,an oxidable metalj 
copper, could be made inoxidable by the induction of 
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a galvanic tattery ; we now find also that an inoxidable 
metal, platinum, may be made to assume the office 
or some of the properties of au oxidable metal by the 
galvanic battery, as happens to the zineoid electrode 
made of platinum in auy electrolytic cell. So that 
electrodes, even when both are made of the same 
metal platinum, or any other metal or conducting sub- 
stance, must be held as one functionally zinc, and 
the other platinum. That the actions in the galvanic 
cell fluid are quite analogous to the actions in the 
electrolytic fluid is abundantly proved, by simply 
stating the fact that it is eleetrolytea alone that are 
available in the cells of a galvanic battery for the 
production of galvanic electricity. And it is clearly 
Ifficause of this very close analogy that must exist 
hetween the action in the electrolytes and in the gal- 
vanic cells proper that galvano-cbemical compositions 
are limited in number and variety. It is not, as 
is generally stated, because certain liquids do not 
conduct the galvanic current that they are not de- 
composed, for there are liquids that conduct galvanic 
currents without decomposition, but it is, on the con- 
trary, because the chemical acts of those indecompos- 
able liquids have no analogy, no correspondence, with 
the chemical acts of galvanism. Those indecompos- 
able liqvdds cannot be coaxed or forced to form an 
electrolytic ceU. 
^^.If the electrolyte ought to be by rights but 
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another cell that has been added to the battery, 
the liker the electrolyte be to the battery cell the 
better, and this is moat assuredly found to be tiie 
case. 

How then can you expect that when yo« have 
made both the two plates or electrodes of the eleo- 
trolyte, or what I call the electrolytic cell, of Hie 
same chemically inactive metal platinum, and plunged 
them into an inactive fluid (water), that this strangfl 
electrolytic cell thus made should perform analogous 
acts or functions to those of a galvanic cell ? But it 
is exactly this that you most assuredly do, when yon, 
using platinum electrodes, attempt to electrolyse pnie 
water — a thing of the most extreme difficulty, and I 
believe impossible, if you could get absolutely puM 
water, in a very cold state and in vacuo, thus pre- 
venting any dissolution of air, etc., in the water. 

But when, on the contrary, what I caU the zincoid 
electrode, or what is at present called the positive 
pole of an electrolyte, is oxidable, or even covered 
with oxidable matters, of course such an electrolyte ie- 
comes like, or chemically identical with a galvanic cell 
proper, and electrolysis is much facilitated, as has been 
observed by Schonbein and others. Indeed, so close 
is the analogy between the electrolyte and a galvanic 
cell, that the electroljie might he called the extenml 
cell of a battery. But if the electrolyte be as a gal- 
vanic cell, it follows that there cannot be a voltsic 
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current through and through that electrolyte, that ia 
between its ziiicoid and platinoid electrodes, but 
only the attracting or polarising influence of the cur- 
rent on the electrolyte's chemical ingredients, as we 
saw happening in the galvanic cell The natural 
polarity of repulsion of the chemical ingredients of the 
electrolyte ia intensified hy the attraetion of the elec- 
trodes acting in opposite directions ; and the electrodes 
alone, as a rule, being able to furnish to these ingre- 
dients attracted the means of chemical transforma- 
tions, the ingredients are forced to go and to transform 
at the electrodes alone. 

The single difficulty in trying to establish the 
identity of an electrolyte with a common cell of the 
battery hes in what I have called the zincoid elec- 
trode, if it be made of platinum, — because this 
electrode must always discharge, lose heat or elec- 
tricity, or originate a current which this electrode 
must send to the platinum plate of the battery, this 
current or heat being necessary not only for the 
evolution and transformation of various substances 
from the surface of the said electrode, but also 
for the canyiag on the action of the whole battery, 
for by the new theory there ia a heat-current passiug 
from the zincoid electrode TO the battery. 

Now we know that the great aouice of such heali 
as the zincoid platinum electrode has to discharge is 
chemical transformations ; but platinum is very bad 
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at chemical transformations, so from this great souroe 
of heat a platinum electrode is often cut off. But 
stm, whenever the electrolyte contains any ingredient 
having, or tending to have, the feeblest of actions on 
platinum, such as iodine, ozone, or oxygen of oxy- 
genised water — that is any ingredient that can give 
any chance of chemical transformations to platinum 
— platinum does transform. For the induction of the 
battery is impressing upon a platinmn zincoid elec- 
trode a temporary transformable nature, just as a lite 
galvanic induction impresses on copper a temporaiy 
intransformable nature. And a platinum zincoid 
electrode transforming there is an end to out istk 
difficulties. 

But still platinum as a zincoid electrode often 
does not transform at aU, and nevertheless actions 
take place on its surface that show the presence and 
intervention of heat — as when oxygen, as gas, is 
evolved from the surface of the zincoid electrode ma^ 
of platinum during the so-called galvanic decomposi- 
tion of water acidulated with sulphuric acid. 

In these cases the heat is derived from con- 
current chemical transformations, not altogether in 
the platinum, but in the ingredients of the electrolytic 
fluid close to the platimun zincoid electrode. 

In order to comprehend this, let us take tbo 
electrolysis of water acidulated with sulphuric acid 
for stady. 
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^■SVhen we examine the so-called electrolysis of 
^Hek we are struck by two facts — the very great diffi- 
^^K'', nay, impossibility, of electrolysing absolutely 
^^■Eiically pure very cold water in vacuo, and the 
^^■dng facility of electrolysing this same water 
^^p adding a few drops of snlphurio acid to 
^^K But the reason is evident ; it is simply this — 
^^fe it 19 the transformations and decomposition of 
^^Kveiy acid that follow. It is this very acid added 
^H| 13 decomposed, and not the water itself. It 
^^Hie substance that is called hydrated sulphuric 
^^K whose composition is most readily indicated 
^B^pibols, SOj + H^ — a compound of an equivalent 
^Krhat has been called Sulphion SO^ and another 
^Bbe metal hydrogen, that is SO, + H^, sulphate of 
Hbogen. 

SO, and hydrogen being iogredients in a com- 
pound, have like heats, and therefore a mutual re- 
pulsion,— have the tendency to go opposite ways, corn- 
toon to ingredients of all compounds. In SO, + H„, 
snlphion and hydrogen placed as electrolytes, this 
natural repulsion becomes much increased by the 
attraction of the thermic platinoid electrode on 
the H or hydrogen, and the attraction in the 
opposite direction of the athermic zincoid electrode 
on the SO,, or aulphion. For the hydrogen being 
a metal, and heat conducting, belongs to the 
athermic class of substances ; while sulphion, SO,, 
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being acid, appertains to the opposite grouj 
stances — the thermic group. Hydrogen will there- 
fore attract and be attracted by the thermic, and tk 
sulphion (SO,) by the athermic poles. Hydrogen ffill 
therefore go to the thermic platinoid electrode, and 
will be there evolved as gas by the heat coming from 
the burning zinc plate of the battery. The S0„ M 
Bulphion, will go to the athermic zincoid electrode; 
and as soon as SO, reaches the electrodej the SO4 low 
one equivalent of oxygen, and becomes SO3 — cominwi 
anhydride sulphuric acid ; that is, sulphion SOi eM- 
ing in hydrated sulphuric acid has a liquid theimio 
form, and passes into SO^ — anhydride sulphuric acii 
which is solid, or has a more athermic form ; therefoie 
SO4 loses heat in passing into SO^ — that is, in loai^ 
one equivalent of oxygen — and this heat the zincoid 
platinum electrode at once seizes and utilises for tie 
evolution, as gas, of that equivalent of oxygen lost 
from the SO4, and for keeping up the action of tie 
battery. But we do not see the SO^ as a solid, for 
the very instant the SO^, or the solid anhydride sul- 
phuric acid is produced, it combines with the water 
that abundantly surrounds it— for which we know it 
has the most violent attraction — and becomes again 
SO, + 1X2 — (the common hydratedsulphuricacid) — tsA 
is again ready to undergo indefinitely the same roM^ 
of composition and decomposition. So that SO^ + H, 
(hydrated sulphuric acid) is continually decomposed 
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of any easOy oxidable metal ; the electrolytic cell 
becoming then quite like a true galvanic celL I sftf 
further imperfectly performed, for oxygen from » 
ziucoid electrode made of platinum is evolved as gas, 
whereas oxygen ought by right to have comhined 
■with and transformed the platinum, thna prodnoing 
heat in a direct, easy, legitimate, regular way, for the 
purposes of the battery ; but as oxygen is evolveii as 
gas, a good deal of heat is thereby used up and loat 
for the battery whose actions require it, so that there 
is apt to be a deficiency of heat at the platimuB 
zincoid electrode — the oxygen is there only partially 
evolved as gas, some of it remaining in a colder form 
dissolved in the water as a peroxide of hydrogen, etc 
Regularity in the evolution of the oxygen from 
platinum zincoid electrode being only obtainable by 
heating the electrolyte. 

The polarity of electrolysis need not detain us long. 
It depends entirely on heat causes — namely, on the 
difference of heat of the two electrodes ; we have seen 
that the platinoid is the thermic electrode.for itreceivM 
along the wiTe the heat of the burning zinc of the 
battery. The zincoid is the athermie electrodejfotita 
heat is given away, sent on through its connecting 
wire to the platinum plate of the battery. The 
thermic electrode wiU therefore attract its opposite, 
that is the athermie ingredient of the electrolyte, 
hence the metals and bases which we have fouuii 
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by our axioma athermic will be attracted to this 
thermic electrode, and will there make their transfor- 
mations and appearance. 

The athermic or zincoid electrode willialwaya 
attract its opposite, that is the thermic ingredient of 
the electrolyte, hence the metalloids and acids which 
we found by our axioms thennic will always be 
attracted by this athermic electrode or pole, and 
will there make their transformations and appear- 
ance. 

The new theory, as it reverses the direction of the 
current, reverses also the names of the poles, and 
makes that pole connected with the platinum plate 
of a battery the athermic or heat negative pole, 
and the other zinc connected electrode the thermic 
or heat positive pole. 

That an electrolyte acid, in the allotropy it exists 
in, while in combination with a base, that is in that 
acid's saline allotropy, should be forced by voltaic 
polarity or attraction to pass through sensitive vege- 
table colours without reddening them is no marvel ; 
the contrary would be the puzzle, for in those cases 
the electrolyte acid, as it is passing through the colours, 
is allotropic : it is indeed saline, and not acid, for the 
acid has not yet obtained the heat of transforma- 
tion, which heat the allotropically saline acid can 
only, as a rule, obtain at the electrodes. 
^L But it sometimes happens that during electrolysis 
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the allotropically saline acid, traversing a solutions 
salt, does get the heat that is necessary for its chemical 
transformation into acid proper even before such ea 
acid reaches the electrode, where, as we have seen, anch 
heat ia generally found. And thia happens when 
the saline acid passes through the solution of a 
salt which the acid decomposes, and with the base 
of which salt that acid forms an insoluble saltj fat 
in that case the base of the decomposed salt paasea 
from a state of solubility into a state of insolubihly, 
from a thermic into an athermic form, and loses 
thereby heat enough to transform the allotropio 
saline acid with which the base is about to com- 
bine into MJi-allotropic or acid proper. 

Thus, when allotropically saline tartaric acid 
passes through, during electrolysis, the solution of the 
sulphate of silver, with the base of which the oiide 
of silver tartaric acid forms the insoluble tartrate of 
silver, when the saline tartaric acid, drawn by voltaio 
attraction or polarity, passes the sulphate of silver 
solution, the then soluble oxide of silver leaves 
the sulphuric acid, which it repelled, and combines 
with the passing tartaric acid, and in that last act 
the base oxide of silver becoming insoluble, changes 
into a colder form, and discharges heat into the pas- 
sing allotropically saline tartaric acid sufficient foi 
the conversion of that acid from aUotropy to acid pro- 
per. And thus the heat that transforms the allotro|ii(i 



e tartaric acid into acid proper is obtained from 
;he oxide of silver as it passes from solubility in tlie 
iulphate of silver into insolubility in the tartrate of 
jilver — an effect independent of the actioQ of the 
battery. 

That electrolytes should be fluids is very easily 
Eomprehended, for in fluids alone can the molecular 
movements of polarity, of attraction, and repulsion, 
tave free and perfect play. 

One thing may strike us. that although heat takes 
such an important and fundamental part in every 
voltaic phenomenon, still there is very little heat 
actually visible, and only its effects. But this is ex- 
plained by the lact that the heat in currency is analo- 
gous to latent heat,— nay, more latent tlian latent heat 
itself ; and the heat being in a state of highest concen- 
tration, and so exactly meted out to the necessities 
of the case of the combinations and decompositions, 
;hat little heat is lost or makes ita appearance. The 
lieat'a transformation effects using it aU up. 
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Is reeapitulfition, I may state that we began l)y 
noting that each chemical element had its own 
peculiar, inborn, inherent heat, and we instituted 
rules, based upon the element's state, weight, and 
specific heat, for measuring heat's intensity, and foi 
tracing heat's course in bodies during chemical action. 
By the help of these rules we reasoned out our fiist 
law — ^namely, that there was no chemical combina- 
tion possible without change in the conditional beats 
of the combining bodies. We passed next to obserra 
that molecular and somewhat persistent absorption,Dt 
discharge of heat in bodies, signified a change of 
form in those bodies, as when water became invieible 
steam ; as when the diamond became, in the voltaic 
arc, common charcoal ; or, finally, when gaseous oxygen 
and hydrogen became transformed into water. And 
we thus arrived at our second law of chemistry, tiflt 
as there is no chemical action without change of 
heat, there is no chemical action without change of 
form, for there cannot be a radical, molecular, com- 
paratively permanent change of heat without a 
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change of form. Hence we reasoned out the existence 
in chemistry of a heat of transformation, a morphi- 
genic heat, often indicated to us or even seen hy us 
as a flash of light and heat during chemical action. 

So that heat was found to he that which gave the 
striking changes of shape so characteristic of chemis- 
try, and these circumstances explain the constant 
presence and the freq^uent sensible appearance of 
heat during chemical acts. But we further found 
that not only does heat change the forms of chemi- 
cals, but it does more, it produces also the attraction 
and the repulsions of chemistry, these being entirely 
mechanical, and depending upon difference or ec[uality 
of heat in the mechanically attracting or repelling 
chemicals. The greatest mechanical attraction exist- 
ing between the extreme of thermism and the extreme 
of athermism, and mechanical repulsion depending 
On an equality of heat only found in chemicals when 
United; but we found, further, that Heat does yet mora 
in chemistry, it produces chemical activity of bodies, 
and also their morphigenic power or shapecraft 
Ihese bodies that have the greatest capabilities of 
heat concentrations in their ultimate atoms, such 
powers being indicated by small weight and great 
specific heat, — such bodies as are hot-grained and botr 
itomed having the greatest chemical shape-craft or 
Cnorphigenic powers. 

Aimed with the result of these speculations, we 
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began the analysis of the phenomena of the 
battery. We found the chief phenomenon of tie 
galvanic battery to be an oxidation of the metal 
zinc. We asked, what is the meaning of a metaDifl 
oxidation ? and the answer by our axioms was that it 
■was a burning, a loss, a discharge of heat of chemical 
transformation, veryevident both when zinc oxidises in 
air and when zinc oxidises in water ; for when zinc 
oxidises in air we see zinc burn — heat m propria 
persond is there, and when zinc bums in water wfl 
have present heat's most indisputable effects. 

We thus reasoned out that what is developed by 
the burning shape-changing zinc in the galvanic bat- 
tery cannot be anything else but the heat of chemical 
transformations, morphigenic heat, which is certainly 
not common heat, and as certainly not commffli 
electricity, but, in fact, a phase in a radical principle 
common to both heat and electricity. We went on 
to explain the actions of the platinum plate on saob 
a galvanic zinc oxidation, how morphigenic heat, ds- 
charged from shape-changing galvanic zinc, tooki 
roundabout course along a wire, md the platinum, to 
reach its final, essential destination, the hydrogeiii 
because platinum was a far better heat attraotor tM 
receiver of plus electricity than is hydrogen. Onfl 
by one we went over the phenomena of galvanisB^ 
and tried to explain and clearly understand then. 
First, the imperfections of the old forms of tba 
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tteries. The origin, course, effects of the current, 
sutility of the amalgamation of galvanic zinc. The 
aonale of the current's condensation by multipli- 
^on of cells. The phenomena of polarity in the fluid 
>&a cell, the nature of electrolysis. The induced 
larisation of electrodes. The transportation by 
^lysis of acids through blue colours without red- 
nng them, etc. etc. 

If it be true or granted that any gaseous element 
more thermic than any solid element ;— If it be 
le or granted that any light element is more thermic 
91 a heavier one ; — If it be true or granted that an 
Bent with strong specific heat is more thermic than 
element with weak specific heat, — then it follows 
t the elements are each in a different state of heat, 
t that they discharge or change heats when they 
abine or separate ; that they change form because 
y change heats ; that they attract because they 
(e these different heats, and repel when they have 
laHty or similarity of heat ; and finally, that even 
ir chemical powers depend on heat ; and lastly, 
Ikewise follows that Heat and Electricity are one. 

All this seems to follow in logical sequence, if the 
Fre three simple axioms be true or granted. But 
b the possibility of proving them true may be 
ded. And then we ask, are not the deductions 
I resolt-s to which these axioms lead of sufficient 
ue to plead for the axioms' concession and adoption ? 
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Or do these axioms so far outrage truth, prohaW 
common sense, as to be rendered inadmissible? I 
think not ; for in establishing the conditional heat 
tests, I have merely stretched slightly Black's beanti- 
fiil latent heat laws ; and in using weight as a heat 
measurer, I have steered in the wake of those who 
adopt expansion for like ends, and surely tlie 
employment of specific heat, as a heat sign, vindi- 
cates itself without any apology. 

But, nevertheless, there may be very many who 
hold these axioms as inadmissible or absurd; andfioffl 
such we would beg an explanation of the phenotoeM 
of the evolution of hydrogen as gas in the decomposi- 
tion of water, say by potassium. Is free hydrogen I 
gas ? Is hydrc^en combined with oxygen in water i 
liquid? If so, how can we boil the liquid hydro- 
gen of water to steam or gas without heat! If 
this can be done, show us how. It may, however, 1)6 
said that hydrogen is not a Uquid in water; then 
what is it ? Is it solid ? Is it gaaeous ? It can only 
be one of the three. Again, is it wi^ong to conaida 
the burning of potassium to be potassium's osidiitiont 
— potassium's reduction to ashes, to potashes ; sni 
if it is not wrong, then burning consists in a ifr 
duction to ashes of the metal burnt ; then rednfr 
tion to ashes is burning, and therefore, when potas- 
sium is oxidising in water, as it is being reducrf 
to ashes, it is being burnt. "What then becomea of 
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neat of this combustion of potassium under 
■? By the ideas advocated in this paper, the 
ng of potassium in water's oxygen gives the 
For the boUing of that same water's liquid hydro- 
aotassium thus decomposing the water, 
have thus confined myself merely to three heat 
irtiea of chemicals, their condition, weight, and 
ic heat, but of course these are not the only pro- 
is in chemicals over which heat holds sway. 
n element's volatility ia certainly a heat property, 
re have seen that a metal's volatility influences 
oieal actions, and disposes volatDe metals to 
ieat-shapes or glow-shapes, as happens with 
z., which are thus enabled to combine 
hydrogen. 

To doubt an element's hardness, expansibility, 
perceptibly influence its chemical behaviour, 
ihese influences, I hope, will afford subjects for 
il future study. 

have throughout this paper taken hydrogen for 
aJ, but this ia no assumption of mine ; hydrogen 
leen long by many considered a metal. 
1 this essay I can only cast a very rapid and 
■ficial glance at the thermal aapecta of oi^nic 
istry. Chemical reactions in organic chemistry 
mly be studied through analysis, and never or 
m by synthesis, hence part of their difficulty and 
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The extreme sensibility of organic cx>m 
to beat, iraiders necessary for their profitable atnd/ 
a farther extension of our axioms, so as to fonn a 
more delicate heat-test or cbemo-thermometer, since 
the rougher heat testa of inorganic chemistry clearly 
will not suffice as. Eat this iiiTention and application 
of more sensitive heatr-indicators demands more time, 
space, mental powers, and means, than I can com- 
mand. Aatl as the chief object of this imperfect effort 
is, if possible, bat to found the study of themio- 
chemics, and to establish on chemical groands t!ie 
identity of heat and electricity, and of chemical and 
electric actions, I shall content myself with trying to 
prove that in organic chemistry the same heat-laws 
hold sway as in the inorganic 

It is well known that although organic com- 
pounds are very numerous, still all or most spring 
from three, or at most four, of the elements, namely, 
hydrogen, oxygen, nitrogen, carbon. Three of these 
elements, the gases hydrogen^ nitrogen, oxygen, aretlw 
most thermic substances known ; the fourth element 
carbon, is conditionally the most athermic of tie 
elements ; hut even in carbon, as we have seen, tiMit 
exists powers of heat-conduction and concentratiMl- 
And it seems to me to be yet another proof of the 
vast influence of heat in chemistry that three of tlie 
four elements possessing most sbapecraft belong to the 
most thermic of known terrestrial substances. And 
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even carbon, though the most athennic conditionally 
of known elements, still is, as we Lave styled it, heat- 
conducting, very hot-atomed, and hot-grained. Between 
conditionally athermic carhon and these three very 
thermic gases, there exists the widest of heat gap or 
difference, and tliis means that carbon shall have 
the Btroagcst and most perfect mechanical attrac- 
tion for hydrogen, nitrogen, and oxygen, in all their 
forms and on every occasion, except, of course, 
when carbon happens to be united to them. That 
ia, carbon with oxygen and hydrogen can always 
perfectly perform the first condition of chemical 
union, that is, mechanical attraction. So that in 
an organic compound of oxygen, hydrogen, and 
carbon, in which these elements ate being sepa- 
rated, it win happen that the instant they separate, 
which they do by absorbing each its own amount 
of heat, they at once again attract each other ; and, 
if the temperature be regulated, pass into a new 
compound instead of appearing in their simple 
naked elementary forms. Owing, therefore, to the 
perfection of this attraction between carbon, hydro- 
gen, and oxygen, it happens that organic chemical 
separation partakes more of metamorphosis than de- 

y composition, that is if the temperature be moderate 

I and regulated. 

If we examine the other heat properties of these 
four elements, carbon, oxygen, hydrogen, nitrogen, we 
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find them admirably adapted for the as 

heat -shapes. 

But then this very acute sensibility to heat of 
carbon, hydrogen, and oxygen, that rendere diem of 
such formcraft, of such amazing facility in tbe pro- 
duction of heat-forms, — glowshapes, — renders also of 
necessity all their compounds unstable when exposed 
to variations of heat ; this facility of assuming heat- 
forms of carbon, oxygen, and hydrogen, aiakesto 
them union ai^d disunion, composition and metaIQO^ 
phosis, equally easy, when they are exposel to tbe 
cause that produces change of form, namely change of 
temperature. Kept out of great variation of tsmpeia- 
tui'e many oi^anic compounds are stable enough, Bfl 
cellulose, sugar, etc 

The proneness to decomposition in organic complex 
compounds therefore does not occur because of the 
weakness of the attraction between their ingredients ;- 
for I have argued that in the ingredients of M 
chemical compound is there attraction, but, on the 
contrary, a repulsion ; but the instabihty of organio 
compounds results from the ease with which very 
thermic oxygen, hydrogen, and carbon, the chief in- 
gredients in organic chemicals, change shapes at 
almost all temperatures. 

So that I hope that it ia evident that the chemical 
reactions of organic and inorganic chemistry are 
based on the same heat laws. 
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trifled, particularly in its higher strata ; and this is 
what might be expected ; because, in summer, if the 
air in close contact with the earth gets heated, it 
becomes lighter, and thus rises to occupy the higki 
regions of the atmosphere ; in wiuter the cloudlesa 
air in contact with the earth will always be colder 
conditionally than the cloudless, air of the upper 
strata, which last is more expanded and has higlier 
specific heat. 

It is also not difficult to understand why this 
positive state of the higher strata of the cloudless 
atmosphere should decline in intensity from noon 
to four P.M., for in these hours, of all the honn 
in the day, it may he expected that the conditioiittl 
heat of the cloudless atmosphere should be more 
equally distributed throughout the atmosphere's 
entire bulk. 

It is also easy to see why, the moment obnds 
appear in the atmosphere, there should commence 
irregularities in its electricity. The prevalence <i 
the aurora borealis or polaris during the long arctic 
and antarctic nights is also explicable, the mraa 
arising from the intense and constant coldness of tha 
air on the polar earth's frozen surface, which lead! 
to an accumulation of conditionally-heated air in tilt 
upper regions of the polar atmosphere. 

In thunderstorms we have the traces of heal 
influences to my mind quite visible. ThunderstomM 
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occur much more frequently in summer — ^tbafc is, in 
the hot season — than in winter, the cold seaaon ; in 
the hot tropics more than in the colder latitudes 
of the earth. Even in aummer it is ia summer's 
hottest, sultriest weather, that thunder most pre- 
vaila The clouds from -which lightning ia launched 
— ^that ia, thunder-clouds — are lai^e massive cumuh, 
that, even when spread over an extended space 
of the overhanging sky, shroud the landscape in 
darkness. The air is remarkably still, so that these 
clouds are not at all dissipated, or their latent 
heat carried away. Heat or electricity ia discharged 
from such clouds when they undei^o sudden and 
extensive condensation into rain, the clouds thus 
passing from the hot vapour form into the colder 
liquid rain form — from steam to water ; and we know 
that this cloud condensation into rain on thunder- 
storms is more sudden and greater than is usual from 
the character of the rain that then falls, for the 
thunder plmnp of rain is generally sudden and heavy, 
and the rain-drops are larger than common, and the 
rain is sooner over. It is evident that a great bulk of 
cloud vapour must be condensed to produce a streak 
of lightning, and a large vacuum is thus ci-eated, and 
the circumambient air rushing in to fill this vacuum, 
occasions the loud rushing noise of thunder ; for the 
sound of the thunder-elap does not to me appear 
altogether like that of a monster or giant electric 
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spark, for the electric spark gives a quick i 
which cotild never, by any augmentation of strength 
or loudness, come to resemble the long lasting, rolling 
rushing roar of thunder ; for I have many times in 
the tropics heard a thunder-clap last, as timed 'witk 
watch in band, more than half a minute, while I 
have not heard the snap of the largest electric apaik 
endure more than the briefest moment ; and I have 
then been also struck at the likeness, after the first 
great explosion, of the thunder noise to the roaring 
and rushing sound of high winds in a. great hurricane 
storm. Again, during thundery weather the atmo- 
sphere all around has been surcharged with conditional 
heat; further, the thunder-cloud, from its massive 
density, has a great deal of heat to discharge, or get 
rid of The air is still, so that the heat cannot he 
carried away and spread over a large space ; it 
happens, therefore, that these massive thunder 
clouds find it diJficult to discharge such an amount 
of heat into such a conditionally hot, ' stUl atmo- 
sphere, such as exists in thundery weather ; therefore, 
in order to discharge at all, this conditional heat must 
get intensified and condensed — that is, become 
electric, or lightning — as, indeed, we saw condition^ 
heat do elsewhere — that is, in the galvanic hatteiy— 
and the electricity then passes into the earth, for at 
the earth's moist surface there is during thunder- 
storms, evaporation going on — the very opposite of 
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what is taking place in the earth's atmosphere 
above. 

The minute sifting, exposition, and consequent 
clear understanding, of chemical acts, may be useful 
in conducting the various processes by which chemis- 
try daUy ministers to human wants and well-being, 
and also in enabling us to solve some of the problems 
of the Chemics of Physiology ; and if of Physiology, 
then of Pathology ; and if of Pathology, then of 
Therapeutics, — an art of some importance to ailing 
mankind. 



THE END. 
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for sparkles tempt him on ; the workman emits In Mb dlaoovoij ; hehhid •» 
boaatiful. stHnge tbaugbt, there is jet another more stisnge and heanliftdllQ 
Whereas, in this work, every beautiful thought haa its way prepare.!, and oW 
stisnge tbongbt 1o5bs Its power of starting by the eiqnlalte hannony rfS 
setting. Robertson's la the glitter ot the ore on the bank : Iter's is Iha ulHOn 
■hinlng of the wrought metal. We haie not seen a Tolnme of sermons forn^ 



88 PBIHCES STREET, EDmBDRC.H. 13 

" He has gone down In Ilia aivlug-beli of k sound Christian pMlnnophy, totha 

rKdercW cliBracter, prsc tluflUy Hhowing Uie trntli ot his ii¥ni rumarks in the prefiuie, 

goipel nlilch Is tlic inniiiroia wtedom of Ood.' These eubJoutshelissaiMbltedia 
aatjlo comspimding to tlietr brilUancy and profoonducss — lerae and toUine, 

sentiment jiT.d feclini^!. «ithlq, shniiinB Itaelt in appropriate ampeir."— firilfcA ani 

r, HeftdingB in Holy "Writ 
vola. reap. Svo, ptiCL> 9s. 

Keadings in Holy Writ, and Studies for Sunday Evening. 

Faith's Jewels. 

Frosented In Verse, with other devout Veraei B; Loan KINIJ3CH. Bl, fCBp. 
Svo, price OS. 

The Circle of ChriBtian Doctrine ; 



Kl.VLWUU. tuorca and CLeaper EilitJon. Feap. Svo, pni:e is. ed. 

Devout Moments. 

BupplenientalDeseriptiveCatalognieof AncientSeDttishSeala. 
l>y UENftV L.llNO. lt[], profusely illuetraled, price £3 :3a. 

The PMloaopby of Ethiea: 

An Analytical E>uay, Uy SIMOS a. LAURIE, A.M. Demy Bvo. price .!s. 
Notaa, Espoaitory and Critical, on certain British Theories 
ofMoralB, By SIMON 3. LADitlE. S>o, price Os. 

The Heform of the Church of Scotland 

[n Wiinihlp, Oovemnient, and llootTliie. By RUBBttT LGB, D,D., Ute Praraiior 
nf Blbllual Criticism io tbs Dniversily ot Ediubargta, and Mlniator ot Qnjrriin. 
Part I. Worship. Ueoond EiitlDO, fcsp. Svo, price Us. 

Iiife in H'ormaiidy ; 

SketL'hea of French Pishing, Farming, Couklng, Natural History, b 
drawn from Nature. By an Ehqlub REaiDEsr. ThiriL BdU.un>, 
doth ai. gilt, price ia. ed. 
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EDMONSTON AND DOUGLAS, 
'A Uemoir of Iiody Anna Maokenzie, 

Icsmu, Hid aftenmrdB of Arityle, I(21-1T0«. By AI.BEAKI) 

r (Eirl of Crawford). Ftap. 8vn, riice 3a. M, 

e Iho byways of history should rfad Ihj« lite of a loyal Coioiunti 

lilamore, 'Book of the Dean of. 
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by William F. Sure. 



Xiiterary Relics of the late A. B. liogan. Advocate, Bhe!et 



Iiittle Ella and the Pira-King, 

And other Fniry Tales. ByM. W".,»lth lUiiatrattonfl by Hek 
Edition. lOnto, (^loth, 3s. M. Clolli citn, gUt edgss, U 



A Bnrirey of Political Economy. 

By JAMBS HACDONELL, M.A. Bi. friip. 



boginner among the crowd of nuinonls and totrodnctlons to the gtndy. flW*! 
mnoh whieh would indnce ua to recommtnd the presBnt volnmp " <'-—'-•-• !'■• 

" Mr Maodooell's hook, entltlerl 'A Biirvey uf PoUtiral Boonoia 
bin u a writer of authority on oconnmlcal sabjeots.'— Mh. Newhm 

Ten Tears Worth of the C 

MACKENZIE, of t 



the Orange River. k 

ninl Wiirkiinnngtlie SoothAMcan Tribes, ft*™ 18mI 
ENZ1E, or the London Uisstonary Boclely. WHliI|| 
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•T or Hodienl Jnrliipnuletiee In the UnlTHiiai 
d with llluat rations 1>y TsnuAS Faed, R.i. 
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Belect Writings: Political, Sdentmc, Topographical, aad 

Miscollancona, of the late CHARLES MACLAREK, P.H.B.H.. F.GS.. BdUarfll 
the SeoUman. Eillted by Kobbrt Coi, P.H A. Scot,, and J«j.Ka Niooi„ F.It.8^ 
F.ftS., Proresaor of NatnnY Historj in tfie Ilnlvenity o( Abordean. WUt 
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Memorials of tha Iiife and Ministry of Charles Colder 

Maukintosb, 11. D., of Tain md Sanoon. Edited, with a Slieteh of the Religloua 
liifllury of the Northern Highlands ot Scotland, by the Bev. Wtiliam T*yLoB, 

Maovioar'B (J. G., D J).) 



Mary Stuart and tlie Casket Letters, 

By J. p. N., with aD lotrodacllon hy Hf.mby GuaairoiU) Dkij.. Es. fcap, Syo, 

Max Mavataar; 

Or. The Ci;lfte Auttlona of the Dutch Tra.llng Company. By MDLTATDLI: 
translated ftoia tJie unginiU US. by Buan Nsliuys. With Mepn, priue He. 

Why the Shoa Pinches, 

A oontrtbHtion to Avplied Anatomy, By HERMANS METEK, M.D., Protossor 
ofAnaloiny in tho University ot Zurich. Price Md. 

The Estuary of the Forth and adjoining Districts viewed 
G6r>lngiMlly. By DAVID MILNE HOMB of Weddetbum. Svo, cloth, with Map 
and Flans, price 6h. 

The Herring : 

Its Natural History anil National Importance By JOHN M, MITCHELL With 



PoIitlcEtl Sketches of the State of Ijurope—&oin 1814-1867. 

ConUiniug Emeat Connt Uiinster's De.'tpitnhu? tn the Prince Regent ftom the 
Cnngrass of ViEuna. and of Paris. By OEOIiOB HEUBERT, Count UUluler. 

Biographical A-nnii.iH of tha Parish of Colinton. 

By THOMAa MDKBAY, LL.D. Crown Svo, price S«. ftfi. 
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History Bflscued, in Answer to " Hj.stoi7 Vindicated," bd 

B remiiitqlition of " The Cabe fur tLu Crown," and tliB Bevitive™ Beylewert. ( 
tho WtgtaWD Martyin. By MAItK KAPIER. Svo, prico 6s. 

IfiShtcaps : 

or." e vols. Eiqiiare IflnMi, id 
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w Edition, Fane; 



ODDS AND Ef^DS-Prkeeti.E4 



Cloth, price li 
Highland Character. 



1. Skolchi 

t. The Eaterki 

6. FenltentiarieB and Sefot 

8. Bxsap by an Old Man. 



«d., containing Nos, 1-1( 
do, No8. 11-11 

2. Convieta. 3. Way 
S. W&ysuia Thoughts — fM 
7. Notea from Paris. 
Wuyside Thooebta— B 



[: 10. The Inflnencfl of the Reforrontion. II. The Cattle PlipiB. 
[ 12. Bongh Night's Quartera. 13. On the Edncation of Q 

r 14. Tbo Storoiontfield Eiporiiaonta. 15. A Tract for the Tlni««,;j 
I 16. Spain in 1866. 17. Tlie Highland B 

f, 18, Correlation of Forces. 10. ' Bibliomania.' 

10. A Tract on Twiga. 21. Notes on Obi Edinbn 

I, 22. Gold-Diggings in Sutheriaoil. 23. Post-Office Telegraphs.^ 

I Tlie Bishop's Walk and Tlie Bishop's Tiiaes. 

3y ORWELL Fcnp. Bvo, pri™ .'.a. 
[ Man : "WlierB, WiBQCe, and Whither ? 

Jelng a slanru at Man in hts X^itnral-Hlalut, Ralatioaa. By OiM 
.L.D. Fiwp, Svn, price 3s. Bd. 
"Caatloualy and lampotilelj IttitWn."— SpfcWlor. 
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The Great Sulphur Cure. ^M 

By ROIJEHT PAltlMAN, Boritoon. TiiirteoDth EditioD, price Is. ^H 

Kidnapping in the South Seas. ^| 

!!<:in^ e. NniTntive of a Three Uautiia' L'ruiso or Q. U. EUp BasaiiD. B; Cai-M^H 
GEORGE PALMER. R.S., B.B.Q.a. Bva, iUastnted, lUa, Sd. ^H 

France : Two Iieoturea. ^H 

Bf U. FBEV0ST-P4BADOL. of the Preach Academy. Svo, price 3e. Kd. |^| 

" Bbouia be unrefallf atndlcd }iy evciy one sbo wishes to know miytMng BEi<!|^H 

contomporary French HialoTj."— Daily Eeuiiu. ^^H 

Suggestions on Acadentical Organieatian, ^M 

With Bpeol^ Bsferencg to Oifonl. By UARK I'ATIISON, B.D., Bsclor ol 0^1 
cnin Collefc-e, Oiford. Ctown 8vo, prlco 7d. «d. ^H 

Practical Wator-F arming. ^| 

By WIL PEARD, M.D , LL.D. 1 voL fiMii. 8vo, price 5s. ^M 

On Teaching Univeraitiea and Sxamining Boards. ^H 

By LVON PLAYPAIB. C,B„ H.P. Bvu, price ta. ^H 

On Primary and Technical Education. ^H 

By LTON PI,ATF.\IR, C.B., JLP. Bvo, price Is. ^H 

Popular GenealogiBtH ; ^H 

Or, Iho Art of redigree-m&klDg. Crown Svo, price 4s, ^H 

with the truth ot Iho other. By a Clisc^H 
UAH. En. fcap. 8vo, pricD 3s, Sd. ~^l 

Christ and his Seed : Central to all things ; leering a Serieei^H 

iixpoHltory DlsDourses in Paul's Epistle to tliu Ephcslaus, By JOHN PCLBFO^H 
Authoruf 'Quiet Hours.' 9q.Uttro Svo, price Ss. 6d. 3M^ 

A Critical History of the Christian Doctrine of JuBtifl.Batlon 

and BeconclUntlou. By ALBBECHT KITSCHL.ProflaEorOtdhinrtiis ot 'Ihoolugy 
in the University of QBlthigen, Translated froni the GetoinB, wiOi the Author's 
aanoUon, by Johh 8, Blick, M.A. B»o, elolii, price 128, 

"An exceedingly valuable contrlbatiuu to theologiul Utorature. Tbe history 
hegluB no eullcr than the Ulddle Ages : ahioe he considers that In earlier tiiBSI, 
while the theoiy of a price paid to Satan was onrrent, then was no reiil llieoIoKy 
on the BUbJeut. 4 more thorough blalorioal study of the doctrine of tliE AtonB- 

aBBQido;! in (UlTcreut.achuoIs, aiu veij much newhid ia this country."— iJriluft (Hid 

BaminiBcenoes of Scottish Iiife and Charaotar, 

ByB, B. BAMSAT.M.A, LL.D., F.B.S,E„ Dean oIEdiubi^OBb. Ubrary Edilion, 
in demy 8vo, with Furtiait liy JameH Faod, price 10», Bd. 

*," The DriBi""! Edition in 3 volfl., wiUi T.ntt<llac,ttolis, ^risft VI*--.' 
fojiOJar BdlUoB, prioe Sa,, nre still on sale. 
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" ThEt vnnorabln Dud. oha is an abutute [m|-crwiiuiIioD c 
of an UiB Bcottiili ChOTCliDB, wbi in Ills liLtEiiarBi of beart eubiucs UMm 1 
ud in hli sttmiitat filoDdihlp, hla geaaraaa abJimpianBbip of forgottaii trata A 
of oapopqlnr cunsea, proraa hlmaelf b) b«in every een^o tha tntaeritor ^ U|b vA 
Scottish imne whicb Lb M worthily beara."—flecui fitolifcyj I«hin" m tV Elliw 

Dean Bamsay'B BemlniacenoeB. 

Twent^-Ilrst EUiliun, in fosp. Gvu, bosrdfl, pricu 3b. ; cloth extn, 2&. U. 

"The Dam of E<1lnbiu^h hu here prodaced i booh for nilwiiy mfing It U 
TNT SnC Clara, The iranoDa (lad they ire niuiyj nha con only under snch cjmii 
9tuic« dovota tun mlnutea of attention to any p«eo, wiUiont the certainljef 
diuy or atujiid tieadw^lie, in every page of this volame will Hod boido p«ijU 
■uecdots or trait which will last theiu a good hAlf-houi lor after-lKUgbUt • < 
tbs pleuantest of hnuian aenaatioiu."— .llliciianHn. 



Edited by Sib iLEXASDBK GRAKT, Bart, LL.D. Syo, priUB 11 

Kights of I>abour, and the Ifine Hours' Uovement^ 

AddrcMod to the Men of Ncwotatle. By a lADV. Price One Faiutf. * 

3r, Sooial and BeliglouB Xrife in tbe Hotti 
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g 4tc, dotii, pTo^ucly ill 
" Tbia reomil of Art Itarnblen may be daaaed among the most cboice and VV 
Qniabed uf ce{!ent publications of thiu sort." — Sdtitniaff SaHew. 

I The One Ohuroh on Herth. How it is manil^stBd, audiA 

nunlDD with it. By Rev. JOHN UOBEBISON, Ai 
8vo, priiHi 3b. 6d. 

Historical Xlsaaya in conneotian with the I>aad and ti 

Ohnrch, etc. By E. WILLIAM BOBEBTSON, Author of 'Si-otland imdm 
Early Kings.' tu I vol. sto., price lOs. $d. 



Part !.— 1. Tbn Roman and Bysuitine Pounda. 2. TMenls o( the ClMl 
Bra. a. The Roman Currency. 4. The StipendluM. b. Karly B>'ianttiie(Aa4l 
Approximate Btandards. > « 

.PaktIL-'I. Early SubBtilatn for a Ooiua^-e. 3. Cumnay of tho IMrMH 
and Che House of Capet. 3. Early Oermanie and rrison Corrency. *. KtaiM 
and Iriib (Currency. 5. UorabutinandEarlySpanish Currency: H. Bulyttj 
CrUTvney and Standards. Mediieral BtandardB. 

The V«»= a»d teb IsmcnoH. 
TnB LiSD.— 1. The iute. •!, Ito Siilo. 3. Xhe Land-asvcl 4. Tto Bl 
B. feottiflh Meaautemunte. 6. Vna>i "»»asiima«a\*. "\.\iM!. Loud- 
HiB.TcehAcb tuidOiB Ttuuit. 
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Z HnpdtartiiiB. 3. ThB King'B Kin. i. DBOatan and bia Policy. 6. The Coiona- 
In 1 vol. Demy Svu, cloth, price 10a. lid. 

Scotland under her Sarly Eiage. 

A History of Uie Kingdom to the oloae of the ISth eimtury. By B. WUUAM 
KOBEETBOIf. In 2 Tola. Sto, cloth, sag. 

'■Mr Kobcrtson, in the Appendix to hia " Scotlanil under her Early Klnga" on 
the IhigliBh cliima. appeals to the Editar to hnve uuinplctcly dispoaed of the clahni 
fonndad on the paaaages in the MouiiHh Hiaturi4iiB prior to the Notman Conqoat. 
This paper is one of tie acuteat and most sstisfiictorj oF these very able eaeays."— 
If. F. -Ikene In Prefiice lo ■ C*ronicto qf I'M Picii aiid Baila.' 

KoBebery, Iiord, on tlie TTulon of £Iiislaiid and Scotland. 

Doctor Antonio. 

A Talc By JOHN EDFFINI. Chenp Edition, orown 9vo, bo&tda, 3a. W. 

Lorenzo Benonl ; 

Or. PoMBBaa in the Ufa of an ItalliuL By JOHN RnPFINI. With OliiattitlonB. 
Crown Svo, elotli gilt, Sa. Cheap Edition, omnn Sto, boards, 9a. ftl. 

The Salmon ; 

Its Hiatnry, Pgsition, and Ptoapccta. By ALEX. RUS9EL. 8to, price 7j. 6d. 

Drnidiem Eichmned. Proving that the Stone Cireles of 

Britain were Dniittii'Dl Teraplna. By Rev. JAMES BUST, "cap, Sto, price 4a. Bd. 

Ctowodean : 

A Pastoral, by JAMES SALMON. Svo, price as. 

rfatural History and Sport in Moray. 

Coilcotid from the Journals and Letlete of the late CHARLES St. JOHN, Anthor 
of 'Wild Sportrtof the Highlands.' Willi a ahort Memoir of tbeAutlinr, Crown 

A Handhook of the History of Philosophy. 

ByDa. ALBEBT SCHWBQLER Fourth Edition. Tmoslated and AnnoUl*d by 

J. HumirBOK8TiRi.isa,LL.II.,Authoroflho 'Secret of HageL" Ciuwn Sto, price Bt 

" Bchvtegler's ia the best poasible handbook ot the history o! {ihiloBOphy, and 



" This hook la k migulne nt Intareathig fseta and acute i 
vitally finportiint auhjeut."— Bccjlimaii. 

CtasBip about Letters and Letter-Writers. 

By GEORGii BETON, Advocate. M.A. Oion., P.B.A Bcot 
"A very aj.'wesbJe little imirlUTt whiBh imj^iDis isuti S 
^^f vbllB aw»i- idle ioura."— Ecfto. 
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' Cakea, Iieeks, Fuddings, mid Potatoes.* 



JnlUd Cnllege of St. S^ratm Ud 
Leanards, 81 Ao'lrcwti. Third Edition, Icbii. Sva, price S». Gd. 

" A w1h4 IxxiU, and didike n grcjit niimy other visa books, haa thAt flm" 
■luded llionBlit und eiprCHdon wlucli fits Profeaaor Shsirii to sprnk tat Cnltnp 
leiB tliut tor Bflligiiin."— SjwHoIor. 

John Keble : 

An Eisoy on lia AatliDr of the ' ChriBOnB Year.' By J, C. SHA!ItP, Frlnc 
of IhB United CoUf.go at BL aalyatar und Bt LeonardB, St. Ai.dreira, Fop. I 
pri-oSa. 

Studies in Poetry and PliiloBophy. 

By J. O. 80AIRP, Prini'ip.il of thr, United College of St, Balrator ond 
LeoBBnl'i, St. Andrews, Bpuonfl Edition, 1 vol fonp. Syo, price Ba. 

Vhe Shores of Fife ; or, the Forth and Toy. 

Comprising Inlanrl Si-cusry in Fife, Pertli, ClBckraiumim. KiiirosB, tsi WA 
Kith froatisplecF— " QUbrin Unrgnni eipiiundlng tliu Scriptures to ttaMtS 
BiDn." pl1^9ented liySmNon. F<.toh, Enigbt, RB.A., Her Uajestj's UKBg 
Scotland ; uil orlglniil dmivings, hy Wuxkb EL Pitoh, B.S.A., aunnt Bffl 
A.RS-A., JoHKLnraoH, W. F, Vaixasce. a T. CKiwroati, B,8.A, CLUwftii 
A.K.aA., J. H. OBWtu), Jomt T. Kbid, »nd otlier ArMsta, Bngntvcfl ti/ W^ 
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Ab Odtlikk op TDK AflCH^oiOH* oT FiFi, liy A. Lstso. F.B.A. Eootj 5 
bnrgh-on-Tay. 

HWTOttlCAI. AHD DMOKIPTIVE iCCODBT OF ST. ASDEEWS. by tlW VOJ 1 

Pbisoimi, Iulloph, D.D. 

HisroBiCAL iHD DESoniravK Nona ok Falkubd Palace. UxmIiKIWI, Hi 
Lino BanwE, Pebth, Dohiibk, Nbwfobt, BHODoan-FiiBHY. Bbu, Boci, "*-,^r 

STIBUHCI, AtlOA, Cl-WJiaiAKNAH TOWBH, CABTLB CiHPBDi, DoLLlB, t&« 

DinK, ctn.. by tho Bfv, J, Mitchell Habvey, M.A. 

The Shoiub frou Lasoq to St. Andrews, by Ibe AuUior of ' The HoM IMJl 

Bt Jesn.' . ' 

The Bdeh, Cittaii, Ebhhowat, Ebttu:, LKStfE, MarkiNdb, THUBHTOn.licin)) 

LADmAns, etc., by Joon T. Reip, Antborof 'Art Raiiihleain Sbotlaud.' { 

Am Ohtlihe of the QkqIoot of Fiee, hy Dayio Paqe, LIiD., PnMmii 

Qeology, CoUoge of SciGnce, Kovcostle. '{ 

Shhtch of the Miberaloot of Fife, by M. Fohster Hei>di.e, M.D., PHH 

of ObemJatry, OiiiYErBlty u! St. Aniltewa. 

A» OUTLISB OF THE BOTtB\ Q» 'ElIB. \i^ C,»K«J1K Hawi», SeunitaiJ it 

LaiBO Field KatuitUeta' aadetj. ^_ 



I PRINCES STREET, EDINBtlEGII. 



Ilcmy, 



[I^, 



ArohcBological £>SBayB by the late Sir Jamea y. 

Hart.M.D.pD.C.L.. "tiBofterajjMty'sPlirsiciuiBfoi-Scotlsiid, and 
IrledlciDO and M<dirif<TT in Urn Dniieraity of Edinburgh. Edited b; J 
8TUAET. LL-D.. aecrttary of UiB Bntioty df AutiqilBricH ol Bootland, A "' 
' The ScltliitiirHd BMnea of aeoUiind,' etc. ate. B toIb, am. *to, half Rolba 

[!» otiak 

On Archaic Stmlptoringa of CupB and Cirolea upon Sto 

oiirt liiii-l^a iii Scotland, Englrmd, etr, By 3ir J, T. BIMP80N, Bart., M.D., T 

VIf»-ric,i.|OTitofth8 8ooiotyofAntiqnarioaofaeotlaiid,ete 

FropoBal to Stajnp out Smsll-pox and other ContA 

Hiseasss, UyBirJ. Y, SIMPaON, Bart., M.D„ D.C.L. Price Is. 

The Four Ancient Eoota of Wnlas, 

Cnnfaining tlie Cymria Poema ntiilbHted to the Barda of fha Sixth Centn 

WILLIAit F. SKBNB. With Haps and Facshniloa. i Tola. Sto, prioa St 

"Ur. Skono'abookvill, asamittA'of coniBe and noceaBlty, Hnd its 

tliB tablet of all CeltiD utiquuiBiiB and achalBn."~jlr(AieD{ofia Can'' — 

The Coronation Stone. 

By WILLIAM V. SKENE. Small 4to. With lUuBtratiima hi Phglflgraiihy.^ 
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Life and Wc k at the Great Pyramid. 

W I F aAa rtani ByC PIAZZI 8MYTH. F.aBS.Ii. 

and E,, Astrunomer-Ituj-al for Scotland. 3 yohi. demy Svo, price 5" 

An Equal-Surfkoe Projeotion for Maps of the World, and 

its Applioatioo to OErtaio Anthropalogicul QaoaUons. By G, FI&.Z7.1 SHtTTB, 
P.RSa.L. 4 B., Astmnoraer-Rojal for Scotland. Svo, pHca 3s. 

Britain's Art ParadiBe ; or, Tfotea on Bome Pioturea 
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